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PREFACE 


The  present  report  is  a  final  report,  a  summary  of 
the  research  work  done  in  the  years  1966,  1967  and  1968 
under  Contract  No.  6l(052)~902,  which  was  the  second  period  of 
contract  since  fall  I960,  It  is  not  intended,  however,  to 
summarize  all  the  work  and  results  in  abstract  form,  but  to 
report  mainly  the  work  of  1968  0  The  tables  of  contents  of  the 
Annual  Reports  of  1966  and  1967  as  well  as  a  list  of  the 
titles  of  scientific  reports  shall  give  a  review  of  the  entire 
period  of  contract. 

The  main  program  of  the  research  work  of  1968  was 
the  examination  of  helical  antennas,  the  propagation  of  electro¬ 
magnetic  waves  of  medium  frequencies  through  the  interior 
of  the  earth  and  the  influence  of  electric  rock  parameters  on 
the  directivity  pattern  of  antennas  and  also  on  the  wave  propa¬ 
gation,  Further  studies  are  concerned  with  the  determination 
of  rock  conductivity  and  dielectric  constant  from  field  diagram 
measurements.  The  present  report  is  wound  off  with  newly  commenced 
geophysical  studies  on  the  electrical  conduction  mechanism 
in  rock  and  a  contacting  probe  as  well  as  an  examination  of 
problems  of  recording  atmospheric  noise  signals.  Those  whose 
interest  does  not  concentrate  on  the  scientific  studies  are 
recommended  to  read  the  chapter  wWhat  happened  in  1968", 
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ABSTRACT 


In  continuation  of  the  studies  on  small,  self¬ 
resonant  helical  antennas,  impedance,  current  distribution  and 
antenna  characteristics  of  various  antenna  types  were  measured  in 
air  and  in  water. 

Two  methods  of  determining  the  conductivity  and  di¬ 
electric  constant  of  a  dissipative  medium  with  a  graphical 
evaluation  were  described  as  examples  of  applying  antenna  dia¬ 
gram  measurements  on  frame  antennas. 

Radio  commune  At  ion  between  the  mines  of  Schwaz,  and 
St.  Gertraudi  was  reached  with  a  1600  m4  frame  antenna,  using 
a  new  low-noise  receiving  amplifier. 

Preliminary  geoelectrical  examinations  of  ores  were 
made  and  a  measuring  probe  was  constructed  for  bore  hole 
examinations. 
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1.  MEASURED  PROPERTIES  OF  SMALL  SELF-RESONANT  HELICAL  ANTEN¬ 


NAS  AT  LOW  FREQUENCIES  FOR  APPLICATION-  IN  DISSIPATIVE 

MEDIA 


PREFACE 


The  use  of  a  wire  wound  on  a  carrier  in  the  form  of 
a  helix  as  a  transmitting  and  receiving  antenna  in  the  VLF 
and  LF  region  was  suggested  in  1962  by  the  head  of  the  VLF 
project.  In  1964*  a  small  transmitter  was  built  with  a 
helical  antenna  2  m  long  and  6  cm  in  diameter,  whioh  was 
operated  in  water.  This  antenna  had  a  real  input  resistance 
at  110  kHz.  The  propagation  measurements  which  were  ob¬ 
served  by  visitors  of  the  AFCRL  Cambridge,  Mass,  were 
highly  promising  so  that  the  construction  of  a  much  larger 
antenna  was  begun  in  the  mine  of  St.  Gertraudi  in  June  1965* 
The  experimental  examinations  such  as  impedance  and 
propagation  measurements  were  made  by  W.  Bitterlich  and 
G.  Worz,  G.  Tinhofer  worked  on  the  theory  of  this  antenna 
type.  Numerous  unsolved  problems  made  it  necessary  to 
continue  the  work  on  this  antenna  type,  the  results  being 
described  in  the  present  scientific  report.  The  essential 
parts  of  this  paper  were  presented  at  the  *68  International 
IEEE/G-AP  Symposium  in  Boston,  Mass. 

1.1.  Introduction 


When  electromagnetic  waves  propagate  through  lossy 
media  such  as  the  earth's  crust,  there  occurs  not  only  an  un¬ 
fortunate  shortening  of  the  wavelength,  but  also  an  expo¬ 
nential  attenuation  which  increases  with  the  distance  from 
the  radiation  source.  Both  effects  lead  to  a  rapid  decrease 
in  field  strength  at  larger  distances  and  make  necessary  the 
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use  of  low  frequencies,  if  large  distances  are  to  be  bridged. 

Since,  however,  the  available  space  in  such  cases 
is  usually  limited,  only  short  electric  or  small  magnetic 
dipoles  are  commonly  used. 

On  the  whole,  helical  antennas  which  are  small 
compared  to  the  wavelength  and  which  have  numerous  turns, 
represent  a  combination  of  these  two  antenna  types  permitting 
theoretically  an  optimum  utilization  of  a  cylindrical 
cavity.  Such  antennas  radiate  in  the  so-called  "normal 
mode",  which  naturally  is  not  quite  as  effective  as  the 
"beam  mode".  Owing  to  problems  of  space,  the  latter  cannot 
be  attained  at  low  frequencies. 

1.2.  Impedance  measurement 

For  optimum  application  of  an  antenna,  however,  it 
is  necessary  to  know  the  input  impedance  as  dependent  on 
the  frequency  and  other  parameters.  Since  there  existed 
no  adequate  theory,  various  helical  antennas  were  constructed 
with  convenient  size,  whose  typical  behavior  will  be  shown 
on  two  examples. 

At  first,  the  behavior  of  the  antennas  in  air  was 
examined  in  a  laboratory  of  Innsbruck  University,  then  the 
antennas  were  transferred  into  an  old  mine  near  St.  Gertraudi 
(25  miles  east  of  Innsbruok)  to  be  examined  in  a  cavity,  at 
first  in  air  and  then  in  water.  The  rock  in  this  area 
electrically  is  almost  homogeneous.  The  mine  is  free  of 
rails  and  other  metal  installations  with  the  exception  of 
one  gallery  containing  rails  which  lead  to  the  surface  of 
the  mountain  so  that  transportation  of  heavier  measuring 
devices  is  possible.  A  small  laboratory  installed  half  a 
mile  inside  the  mountain  is  permanently  dryed  and  heated 
with  5  kws  to  keep  the  relative  humidity  of  the  air  low. 


Thus,  transmitters  and  other  electronic  apparatus  can  he  re¬ 
paired  and  left  there  for  several  weeks  without  being  damaged 
by  the  relative  humidity  of  the  mine  which  is  always  100$. 

The  most  important  instruments  for  measuring  the 
antenna  impedances  and  the  electrical  properties  of  the 
used  fresh  water  were  the  impedance  bridge  716-L  by 
General  Radio  for  a  frequency  range  of  1-100  kHz,  and  for 
the  subsequent  frequency  range  up  to  15  MHz  the  R-L-C 
bridge  LE  300/Al  by  Hatfield  (GB)0  The  bridges  are  powered 
by  suitable  battery-fed  frequency  generators  (a  powerful 
generator  with  low  output  impedance  fcr  frequencies  between 
44O  kHz  and  16  MHz  was  specially  constructed  by  the  author) 
and  balanced  to  zero  by  the  selective  pv  meters 

TP  2330  Marconi  (20  Hz  -  50  kHz,  bandwidth*  7  Hz) 
SPM-2  Wandel  u.  Goltermann  (4-6OO  kHz,  bandwidth: 

200  Hz) 

Type2006  Briiel  u.  Kjaer  (100  kHz  -  230  MHz, 

bandwidth:  2,5  kHz). 

Frequency  is  controlled  by  "small  wonder"  100A  Monsanto 
Counter,  power-supplied  by  a  battery  and  a  specially  construc¬ 
ted  DC-changer. 

Pig.  1.1  shows  the  relative  electric  "permittivity"  of 
the  used  water,  measured  with  a  small  cylindrical  capacitor 
described  in  Ref,  [_  lj.  £reiatiVe  an<*  ^e  ^re^uen°y  a 
range  of  1  -  1000  kHz  are  plotted  in  a  log-log  scale.  The 
conductivity  (mhos/m)  which  is  written  right  above  the  curve, 
changes  comparatively  little  in  this  frequency  range.  The 
increase  in  £  at  low  frequencies  is  explained  by  polarization 
effects  at  the  electrodes  which  occur  in  a  somewhat  different 
form  also  on  the  antennas,  but  not  during  the  free  propagation 
of  electromagnetic  waves. 

Generally,  the  mutual  capacity  of  two  parallel 
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planes  of  equal  surface  areas  in  a  lossy  medium  is  given  by 
(see  Refs.  j^7*j »  f 8~] ) 


d  ...  distance  between  the  electrodes 
...  Dielectric  constant  of  free  space 

£°  ...  relative  dielectric  constant  of  the  medium  under 
r 

test  for  conductivity  <5*  ^  zero  (for  water  6°  s*-  80) 

A  ...  surface  area  of  one  electrode 

...  is  a  function  of  the  frequency,  conductivity  of  the 
medium,  electrode  material,  temperature,  chemical 
composition  of  the  medium  which  causes  the  con¬ 
ductivity,  and  the  surface  quality  of  the  electrodes. 
A  cylindrical  capacitor  is  somewhat,  more  complicated 
to  describe,  because  of  the  difference  between  the  surface 
area  of  the  two  electrodes.  Therefore  Pig.  1.1  can  only 
give  a  rough  information  of  the  frequency  dependence  of 


£r  +  £u>  “  er 


but  gives  some  idea  of  what  one  has  to  expect  putting  a 
bare  wire  artenna  in  such  a  medium. 

Now  to  the  antennas  themselves. 

The  first  antenna  of  this  series  consisted  of  200 
meters  of  "insulated"  copper  wire,  1,5  mm  in  diameter,  which 
was  wound  on  a  carrier  of  impregnated  wood,  2m  long,  in  such 
a  way  that  the  length  of  one  turn  was  1  m,  that  means  the 
antenna  had  200  turns  and  a  pitch  of  1  cm.  The  antenna  was 
fed  in  the  middle.  (At  this  point  the  insulation  should  be 
mentioned.  It  was  found  that  in  water  the  insulation  of  the 
wire  was  good  for  nothing.  The  water  penetrated  very  rapidly 
into  the  insulation  material  and  finally  reached  the  copper 
wire.  During  this  time  a  continuous  change  of  the  input 


impedance  was  observed.  After  a  "saturation  time"  of  about 
one  hour  the  input  impedanoe  was  stable  so  that  the  wire 
acted  nearly  as  a  bare  one.) 

Pig.  1.2  shows  the  input  impedance  of  this  antenna 
measured  in  air.  The  scale  for  the  real  and  imaginary  parts 
as  abscissa  is  quadratic,  whereas  the  scale  for  the  frequency 
as  ordinate  is  linear.  Between  1,1  and  1,4  MHz,  the  antenna 
has  the  two  lowest  resonance  points.  The  first  one  at  1,151  MHz 
is  a  series  resonance  with  66  ohms  input  resistance,  the 
second  one  at  1,312  MHz  is  a  non-harmonic  parallel  resonance 
with  an  input  resistance  of  15  kohms. 

These  values  remain  the  same  when  the  antenna  is 
set  up  in  the  mine,  if  the  cavity  in  which  it  is  located 
has  a  diameter  of  at  least  twice  the  maximum  antenna 
dimension.  If  the  cavity  is  smaller,  the  resonant  frequencies 
decrease  slightly,  whereas  the  input  resistance  at  series 
resonance  increases  considerably. 

These  properties  can  be  explained  on  a  network 
model  which  is  correct  at  least  in  the  neighborhood  of  the 
lowest  resonant  frequency  and  below. 

The  phase  velocity  along  the  axis  is  then  given 
by 


v 


axis 


(1.1) 


where  is  the  mean  inductivity  per  unit  length,  given 
by  (see  Ref,  [2J) 

2  ns  __  _ 

(1.2) 


L1  " 


cot  y 
4* 


...  4wol0~^  j^H/mJ 
pitch  angle 


0 

Y 
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,  the  mean  capacity  per  unit  length  so  far  can  only  be 
measured  at  frequencies  that  are  very  low  as  compared  to 
the  first  resonant  frequency  (condition:  The  antenna  must 
be  carefully  dried,  because  even  little  humidity  xeads  to 
an  increase  in  at  1 >wer  frequencies  due  to  polarization 
effects.) 

From  formula  (l.l)  the  first  resonant  frequency  can 


be  calculated  as 


f 


r 


v 

axis 


^axis 


where  A.  ^ g  is  twice  the  axial  length  of  the  antenna.  This 
of  course  is  valid  for  both  air  and  water  as  surrounding 
media. 

The  input  resistance  at  the  lowest  resonant  frequency 
can  be  calculated  from  the  expression  of  an  open-end  trans¬ 
mission  line  (see  for  example  Ref,  [?])  as  follows: 


A,  »  wavelength  along  the  helix  axis 
Z  -  mean  characteristic  impedance 
R^  -  mean  series  resistance  per  unit  length 
5X  -  mear  shunt  conductance  per  unit  length 

for  1  -  ^  (first  resonance  frequency)  follows 
-2i  sin  (2oAl)  -  -2i  sin  n  *  0  and 
-2  cos  (2ctfl)  »  -2  cos  n  m  +2 


F/G.t2 
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so  that  formula  (1.3)  writes  as 

*<°>  ■  z  •  &£  ilaxU  (1  -  f  )  (1-4) 

For  (2Bl)  <0,2  (usually  the  case  for  these  antennas  in 
air)  and  a  maximum  error  of  l/2 $  (231  <  0,3  error  <  1$) 

(231  <  1  error  <  8,1$) 

formula  (1.4)  can  be  written  as 

Ke(0)  -  Z  .  31  (1.5) 

and  finally  substituting  for  3* 

Z2G,1  R. .  1 

Re(°)  -  — +  “V"  U'6) 

The  electric  data  of  the  antenna  described  at  first 
are  the  following 


L1  - 

10~5 

[h/b] 

Ol 

N 

4,8»10-11 

[F/mJ 

coty  * 

100 

V  .  - 

axis 

4,56*106 

[m/sec] 

v  ,  - 

wire 

4,56.108 

[m/secj 

the  phase  velocity  factor  p 

p  „  -SjjLS—  ^  lf52  (c  „  velocity  of  light  in 

free  space) 

This  is  very  different  from  the  behavior  of  antennas  operating 
in  the  beam  mode  which  hjave 

t 

l  - 


a  p<  li 
~ 

L, 


-  1,45  kQ 


In  equation  (1.6) ,  the  first  term  on  the  right  side 
represents  the  dielectric  losses  caused  by  the  carrier  ma¬ 
terial  and  of  the  environment,  respectively.  The  second 
term  gives  the  ohmic  wire  losses. 

Since  is  only  2  ohms  and  1  is  1  meter,  whereas 
the  input  resistance  is  66  ohms,  it  follows  that  the  ma¬ 
jority  of  losses  are  dielectric  losses  that  can  be  re¬ 
duced  by  reducing  Z,  for  example  by  increasing  the  capacitance. 
For  this  reason  and  mainly  because  of  the  reduction 
in  resonant  frequency,  tests  have  been  made  with  the  an¬ 
tennas  being  submerged  in  water. 

Fig.  1,3  shows  the  obtained  impedance  curve  for  the 
antenna  in  waters  Here,  the  ordinate  is  the  real  part  and 
the  abscissa  is  the  imaginary  part  of  the  input  resistance, 
frequency  being  the  parameter.  The  firsfe  resonance  has 
decreased  to  49  kHz  which  corresponds  to  a  relative  £  cf 
550.  Despite  the  conductivity  of  water  (given  in  Fig.  1,1), 
the  input  resistance  increased  to  no  more  than  71  ohms. 

Since  the  resonant  frequencies  for  this  antenna  for 
both  cases  in  air  and  in  water  were  too  high  owing  to 
attenuation  in  rock  and  in  water,  and  since  there  were 
no  suitable  transmitters  and  receivers  available  for  these 
frequencies,  new  antennas  were  built. 

The  most  recent  and  most  interesting  antenna  is 
shown  in  Fig.  1,4s  On  a  carrier  made  of  six  hard  PVC  tubes, 
there  are  772  turns  of  insulated  copper  wire,  1,5  mm  in 
diameter,  mounted  in  six  chambers.  One  turn  again  has  a 
length  of  1  meter,  the  total  length  of  the  antenna  axis 
being  again  2  meters.  The  picture  was  taken  in  the  mine  of 
St,  Gertraudi  and  shows  also  the  stand  on  which  the  antenna 
is  mounted  and  the  battery-powered  transmitter  made  by 
W,  Kellner,  member  of  the  VLF-team0 
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Pig,  1,5  gives  the  input  impedance  of  this  antenna 
in  air,  with  the  first  resonance  at  294  kHz  with  85  ohms 
input  resistance.  The  antenna  has  a  Q  of  126  and  a  band¬ 
width  of  2,5  kHz,  The  dielectric  losses  are  again  muoh 
higher  than  the  ohmic  losses  which  are  only  8  ohms. 

Furthermore,  this  antenna  has  the  following  data: 


cot  Y 

vaxis 

Vwire 


P 

Z 


14,7  [aH/m] 
50  [pP/m] 
584 

1,17»106  m/seo 

Q 

4,5*10  m/seo 


wire 


1,5 


17,2  kQ 


This  antenna  was  also  put  into  the  water  chamber 
in  the  mine  of  St,  Gertraudi. 

Pig,  1,6  presents  a  map  of  the  central  part  of  the 
mine.  It  shows  Basin  I  and  the  pumping  station  P  from  where 
the  water  is  transferred  into  the  water  chamber  called 
"Mabuse"  through  180  m  of  special  rubber  hose  having  a 
clear  width  of  100  mm,  "Mabuse"  has  a  capacity  of  10.000  gallons 
and  can  be  filled  or  emptied  within  one  hour  if  necessary. 

Point  A  indicates  the  source  from  which  Basin  I  is  per¬ 
manently  filled.  The  underground  laboratory  is  located 
45  m  south  of  point  P.  Basin  II  increases  the  storage 
capacity  during  dry -weather  periods.  For  more  detailed  in¬ 
formation  please  see  Ref,  [lj  pp  5-5* 

Pig,  1.7  shows  the  antenna  in  the  water  chamber 
which  is  completely  filled  with  water  during  the  measure¬ 
ments. 
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Pig.  1.8  gives  the  impedance  curve  of  the  antenna 
in  this  situation.  The  lowest  resonance  lies  at  5»50  kHz 
which  means  a  relative  e  of  2850.  The  input  resistance  in 
this  case  is  122  ohms,  which  is  somewhat  more  than  under 
"ideal  conditions"  in  air.  The  bandwidth  of  1,5  kHz  yields 
a  Q  of  5 ,66.  The  characteristic  impedance  Z  is  no  more 
than  322  ohms  (at  5»5  kHz  only  because  Cg  is  a  function  of 
frequency  due  to  the  polarization  effects).  This  low  Z  ex¬ 
plains  the  relatively  low  input  resistance,  although 
damping  by  conductivity  is  quite  high  (fi  -  0,377,  2B1  - 
■  0,755)*  (The  error  using  formula  (l.5)  instead  of 
formula  (1.4)  is  still  smaller  than  5  per  cent). 

1.3  Current  distribution 


Equally  important  as  the  impedance  behavior  of  an 
antenna  is  the  current  distribution.  The  main  difficulty 
when  measuring  the  current  distribution  of  small  self- 
resonant  helical  antennas  is  their  oapacitive  sensi¬ 
tivity.  This  fact  represents  a  serious  limitation  for  the 
aocuracy  of  measurements.  However,  an  accuracy  of  less 
than  10%  oould  be  realized  using  the  Hewlett-Packard  AC- 
Current  Probe  Type  456  A  in  connection  with  one  of  the 
selective  pv-meters  with  high  input  impedance. 

The  current  distribution  at  resonant  frequencies 
is  a  cosine  or  a  sine  function  which,  as  far  as  the  field 
strength  is  concerned,  is  an  advantage  of  about  27 %  as 
compared  to  the  linear  current  drop  of  a  short  wire  of  the 
same  length  as  the  helix  axis  and  equal  input  current. 


FIG. 15  f  [kHz] 
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1.4  Field  strength  measurements 


Before  starting  propagation  measurements  in  a  mine, 
the  correctness  of  the  mining  chart  has  to  be  checked. 
Therefore,  a  completely  new  survey  of  the  mine  was  made 
during  the  installation  work.  ThuB,  a  number  of  dis¬ 
crepancies  between  the  old  mining  oharts  and  the  actual 
distances  could  be  eliminated. 

Let  us  now  discuss  the  fields  of  these  antennas. 

It  is  sufficient  to  measure  either  the  electrio  or  the 
magnetic  field  strength  components.  Deoision  wsb  taken  in 
favor  of  the  magnetic  components,  because  magnetic  antennas 
(e.g.,  small  ferrite  rod  antennas)  are  easier  to  balanoe  and 
have  no  capacitive  sensitivity.  As  mentioned  at  the  beginning, 
these  helical  antennas  represent  a  combination  of  one  electric 
and  one  magnetio  dipole  both  having  the  direction  of  the 
helix  axis.  This  gives  three  components  of  induction 
(see  Ref.  [4] » [5 J » [6]  ) I 

i(«t-Kr) 

Br  "  2w  1A0(I*n*A)eff*  cos^ - 5 -  (l  +  i^r)  (1*7) 


«•  COS/ 


(1  +  iKr)  (1.7) 


4^  ^o(l‘n°AW  8in^ 
Bf  m  4Z  ^o^’^eff  *  8in^ 


ti(wt-Kr) 

T~~ 

i(wt-Kr) 

© 


(l-K2r2+  iKr) (1.8) 


(1  +  iKr)  (1.9) 


B  e  e •  in 


U0*.#  4**10 


[7] 

-7  [E/.] 


I  ...  current  Qaj 
n  ...  number  of  turns 

t-  2-i 

A  ...  cross  section  area  J 
a)  ...  angular  frequency 
t  ...  time 
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JE...  angle  between  antenna  axis  and  radius  vector  from 
the  antenna  to  the  point  of  observation 
r  ...  transmitter  to  receiver  distance 
K  ...  complex  propagation  constant 
K  -  K1  -  iKg 
K^...  phase  constant 
Kg...  attenuation  constant 


v  2w  <S_ 

K-  m  T"  *  ~ 

1  X.  e. 


e  p  V 

r*r 


1  + 


1  +  IV1]  d-10) 


]-1  +  l1  +  [V1]  d-11) 


id  ■  2xf  ...  angular  frequency 
cq  -  phhse  velocity  of  light  in  free  space 
er,Pr  «#.  relative  dielectric  constant,  relative  magnetic 
permeability  of  the  medium  -  1  in  our  case,  ex¬ 
cept  for  the  ferrite  rod  antennas) 
d  -  electric  conductivity  in  mhos/m 

*•12  r 

«  electric  permittivity  in  free  space  -  8,86  •  10  [F/mj 

The  index  "eff"  in  formulas  (l.7)  -  (1.9)  means 
that  the  current  distribution  has  to  be  taken  into  account. 

In  our  case  this  means  the  factor  2/x  by  which  the  mag¬ 
netic  moments  must  be  multiplied. 

Formulas  (l .7 )  -  (l»9)  indicate  that  Br  and  By  are 
in  phase,  both  having  a  phase  difference  with  respect  to  Bjl 
which  depends  on  the  frequency,  distance  and  qualities  of 
the  medium.  For  details  in  theory  and  measuring  technique, 
please  see  Ref.  £9}  and  £loJ» 

Formulas  (1.8)  and  (1.9)  can  be  simplified  for  the 
far  field  (with  good  accuracy  for  k^r  >5)  which  leads  to 
the  following  expressions: 
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M 

^0(l0n,A)eff 

4n 

sin$ 

e"K2r 

r 

(Kl  +  K2) 

(1.12) 

|By| 

^o^Iel^eff 

4* 

sin  .S- 

e"K2r 

r 

1  Ki +  4 

(1.13) 

So  the  ratio  between  th6  absolute  values  of  the 
far  field  components  of  an  electric  dipole  (By)  and  that  of 
a  magnetic  dipole  (BjJ  can  be  written  as? 

||  ■  (1.14) 

'  It  t  tr2  .  v2 


(T  an  U2„2 

(lm*n*A)eff jKl+K2 

As  |k2  +  K2'  »  ^K2  -  |  K  |  in  rock  has  an  order  of 

magnitude  of  10-2  to  10  in  the  frequency  region 

under  question?  it  follows  that  the  product  (Im*n*A)eff  has 

to  be  two  to  three  orders  of  magnitude  higher  than  (Ieq*l)eff» 

This  formula  could  easily  be  proved  with  our 

helical  antennas,  because  we  have  the  same  currents  and 

current  distributions  for  both  field  strength  components 

(i  .  >  I  I  index  ,!eff"  means  2/jc  in  both  cases).  Formula 
el  m 

(1.14)  writes  then  a3  follows? 


Wl  helix  "  n*A’iK! 

The  phase  angle  between  By  and  B^  is  then  given  by 


(1.15) 


tan  6  -  -s- 
K2 


I1* 

-1  +  I1  +  (sir)2 

0 


(1*16) 


So  6  generally  lies  between  45°  (ideal  conductor,  *°) 

o 


-14 


and  90°  (ideal  insulators  -  0).  Ref,  [9]  Fig.  1.2 

U££0 

gives  the  exact  phase  difference  curves  as  dependent  on 
K2 

p  -  rr~  and  K.,r. 

The  fields  of  the  second  described  antenna  have 
been  measured  in  the  mine  at  the  lowest  resonance  fre¬ 
quency  for  both  cases  $  antenna  in  air  and  antenna  in 
water. 

In  the  case  of  the  antenna  in  a  cavity  in  air,  the 
electrical  quantities  to  be  substituted  in  formulas  (1.7)- 
(1.9)  are  the  following'. 

I  -  0,6  [A] 

n  «  772 

A  -  0,081  [m*] 

1-2  [»J 

u  •»  2«®294»10^  ["Hz  "1 
S.'1  -  1,76  .  10’2[a”1l 
K2  -  0,532 olO’2  [m”~J 

/S-  o  o  «  0  0.0  90 

At  this  frequency,  the  measured  amplitude  and  phase  values 
in  the  near  field  are  consistent  with  theory  within  5$.  At 
distances  >  500  m  they  are  not  consistent  owing  to  geo¬ 
logical  disturbances.  The  maximum  distance  covered  at  294  kHz 
was  600  m  through  rock,  the  transmitter  power  being  60  watts. 

It  was  possible  to  match  the  antenna  and  transmission  line 
very  carefully  to  the  battery-powered  transmitter  made 
by  W.  Kellner. 

At  the  receiver  side,  a  ferrite  rod  antenna  of  48cm 

length  was  used  as  well  as  a  bearing  head  in  connection  with 

a  FET-preamplifier  (see  FigJ.,9)  and  the  selective  pV-meter  2006 

fBrtiel  fc'Kiaerl  .  The  maximum  field  strength  at  600  m  distance 
u  ”  -i  ^ 

was  2,0  *  10“  '[vs/inj  ,  the  noise  level  being  still  somewhat 
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more  than  half  this  value .  The  angle  was  approximately 
90  degrees o 

With  the  antenna  being  in  the  water  chamber,  the 
following  quantities  are  different: 

I  -  0,8  [a] 

u  -  2n  •  5*5  0  105  [HzJ 

1,5  .  10"5  [m"1]  -  K2 

The  maximum  distance  bridged  at  5?5  kHz  was  1,6  km 
through  rock,  a  distance  given  by  the  size  of  the  mine.  The 
transmitter  power  was  %  160  watts,  the  "transmitter"  being 
t.  McIntosh  stereo-amplifier  operated  by  an  RC  generator. 

The  receiving  device  was  a  twin  ferrite  rod  antenna 
1  m  long,  a  PET  preamplifier  for  the  frequency  region  bet¬ 
ween  3  kHz  and  25  kHz  constructed  by  TJniv.  Doz.  Dr.  W. 
Pitterlich  (see  Ref.  Qll~]  )  and  the  Marconi  yV  meter  TP 
2330  with  7  Hz  bandwidth.  The  field  strength  at  1,6  km 
distance  was  6,4  •10*  ^  [vs/m*J  the  noise  level  being 
~  4,6  .  10“14[vs/meJ  (3 mv)  with  peaks  of  ~  5#10_1^  jvs/m*] 
about  every  second.  Enlarging  the  distance  in  air,  additional 
400  m  can  be  bridged.  Greater  distances  could  be  reached 
with  a  phase-locked  amplifier. 

In  both  cases,  the  maximum  distance  was  not  confined 
by  the  internal  noise  of  the  receiving  system,  but  by  at¬ 
mospheric  and  industrial  noise  produced  in  the  neighborhood 
of  the  mine.  These  noises  oover  a  very  wide  frequency  re¬ 
gion  and  distance  so  that  for  example  medium  sized  thunder¬ 
storms  at  a  distance  of  100  km  make  these  measurements 
completely  impossible. 
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1*5.  Calibration  of  the  receiving  devices 


The  receiving  devices  were  calibrated  in  accordance 
with  the  National  Bureau  of  Standards,  Ref,  [l2j,  However, 
one  has  to  realize  the  length  of  the  ferrite  rod  receiving 
antenna  and  the  l/r^  decrease  of  the  near  field  produced  by 
the  calibration  coil  leading  to  a  smaller  effective  distance 
than  the  two  antenna  centers  geometrically  have.  This  can 
be  calculated  easily,  since  the  mean  value  of  a  function 
times  the  region  of  integration  (xg-x.^)  equals 

J  2  P ( x ) dx • 

X1 

Mathematically  expressed* 

rX2  _ 

£  F(x)  dx  -  F(x)  (^2“3C1)  (1.17) 


In  our  case,  F(x)  is  c/x^  where  C  is  the  field 
constant  depending  on  the  calibration  coil  dimensions  find 
the  current  in  it,  x  is  the  distance  of  the  center  of  the 
calibration  coil,  x2  and  are  the  distances  from  the  far 
end  and  the  near  end  respectively,  of  the  receiving  antenna 
to  the  center  of  the  calibration  coil. 

Formula  (l,17)  can  thus  be  written  as: 


and  x  the  "  effective" (medium)  distance  is  then: 

1/3 

M- 


2(x2  -  xx)' 


(X  .  X) 

\  9  9/ 


X 


(1,18) 
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The  formula  for  the  field  strength  in  the  near  field  of 
a  calibration  coil  is  in  accordance  with  Ref. [12J : 


2R' 


(1  ♦  B2*2)1/2 


p  vs/m*J 


circulating  current  in  the  calibration  coil 
radius  of  the  calibration  coil  |^m J| 


,2  2  2 
d  +  r1  +  rg 


r^  •••  radius  of  the  receiving  antenna  to  be  calibrated  pm~] 

d  ...center  to  center  distance  of  the  two  antennas  Fml 
o  2x  r  -1-, 

B  ...  —  [_m  J 
o 

\  ...  wavelength  in  free  space  QmJ 


2  "“2 

For  d  we  have  to  substitute  x  calculated  from  formula  (1.18). 

2  2  1  /2 

Furthermore  (l  +  Bl‘)  '  is  nearly  1  up  to  1  MHz  (error 
smaller  than  1$)  since  the  maximum  distance  used  is  '  meters, 
r1  being  0,2  meters,  rg  being  negligibly  small. 


1.6.  The  problem  of  comparing  antennas  in  dissipative 

media. 


Sometimes  one  wants  to  compare  different  antenna 
types  or  different  antennas  of  the  same  type  to  optimize 
some  transmitting  or  receiving  problems.  Therefore  the 
author  would  like  to  point  out  some  of  the  fundamental 
facts  and  problems  occurring  when  antennas  are  used  in  a 
lossy  medium  and  for  the  purpose  of  comparison.  In  this 
case  one  should  make  sure  that: 

l)  The  surrounding  medium  has  the  same  properties 
in  all  cases  in  question  (in  addition  the  same 
method  of  measurement  of  these  properties  should 
be  usedi) 
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2)  The  frequency  is  the  same  in  all  cases. 

3)  The  cavity  in  the  lossy  medium  has  the  same  size 
and  shape. 

4)  The  antennas  have  approximately  the  same  size. 

This  of  course  is  a  very  critical  point.  The 
problem  is  how  to  compare  geometrically  a  long 
and  straight  wire  and  a  circular  loop  for 
instance.  Perhaps  one  should  count  the  volume 
occupied  by  rotating  the  antennas  in  all  directions. 

5)  In  this  cavity,  temperature,  medium,  pressure  and 
humidity  are  kept  constant  in  all  cases,  since 
these  circumstances  can  change  the  properties, 
especially  of  small  antennas,  by  powers  of  ten. 

(This  was  experimentally  proved  during  our  work). 

6)  The  antennas  operate  under  the  same  electrical 
power  condition  (very  essential  not  only  when 
using  magnetic  cores). 

In  addition  it  must  be  mentioned  that  many  quantities 
defined  in  air  such  as  radiation  resistance,  power-radiation 
factor  and  therefore  also  efficiency  (see  for  example  Ref.[l3_[) 
are  not  defined  in  a  lossy  medium. 

The  reason  is  the  following:  In  air  or  in  vacuo, 
the  radiation  resistance  is  defined  by  volume-integration 
over  the  pointing  vector  in  the  far  field  of  the  antenna. 
Dividing  this  integral  by  the  square  of  some  maximum  current 
along  the  antenna  one  obtains  the  radiation  resistance,,  This 
integral  is  volume-independent  in  vacuo  as  long  as  one 
integrates  around  the  radiation  source.  This  of  course  is 
not  so  in  a  lossy  medium,  furthermore  there  is  no  "radiation 
field"  in  such  a  medium,  strictly  speaking. 

In  air,  parts  of  the  near  field  energy  come  back  to 
the  antenna  producing  the  capacitive  and  inductive  properties 
of  the  antenna  and  the  Q  factor.  In  a  lossy  medium  nearly 
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all  the  energy  is  consumed  in  the  extreme  near  field  where 
there  exist  the  highest  field  strengths.  Therefore  it  is 
clear  that  even  if  a  thing  as  the  radiation  resistance 
could  be  defined  in  such  a  medium:  the  meaning  would  be  very 
poor. 

In  such  a  situation  the  only  things  one  is  able  to 
compare  are  the  electric  or  magnetic  field-strength  compo¬ 
nents  and  their  phase-correct  combinations  produced  by  some 
antenna  at  some  frequency  under  certain  conditions  at  a 
certain  distance.  A  theoretical  approach  to  this  problem 
was  made  by  Dr.  G.  Tinhofer,  Innsbruck,  Ref.  [[14^  the 
frame  of  the  VLF  Project  Hniv0  Doz.  Dr.  W.  Bitterlich.  It 
was  found  that  for  given  electric  and  magnetic  moments  and 
medium  data  there  exists  an  optimum  frequency  for  a  certain 
distance.  However,  the  problem  is  much  more  complicated, 
beoause  nothing  is  said  about  how  the  moments  can  be  pro¬ 
duced  best  at  this  frequency,  furthermore  the  frequency  de¬ 
pendence  of  the  medium  properties  and  the  noise  level  distri¬ 
bution  had  to  be  neglected. 

However,  the  radiation  resistance  and  efficiency 
of  these  antennas  working  in  free  space  can  be  easily  cal¬ 
culated.  (Ref.  This  shall  now  be  done  for  the 

second  described  antenna  at  294  kHz: 

The  radiation  resistance  of  the  electric  dipole 
component  is» 

Re  "  20  ^eff#  K1  )2  "  1»2  *  10’4  0  • 

—  air  — . . 

The  magnetic  dipole  component  gives: 

\  m  20  [(n.F)effX2  i  )]  2  -  4,32  *  1CT5  Q 


The  total  antenna  efficiency  is  therefore: 
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R  + 
m 


—  input 


.  Axil 


10 


-5 


+  lj_2_ 


10 


-4 


85 


As  the  antenna  has  a  real  input  impedance  of  suitable  value 
it  can  easily  be  matched  to  a  transmission  line  and  a  trans¬ 
mitter.  Therefore  a  coupling  efficiency  of  nearly  0,5  can 
be  reached  without  difficulties. 

This  is  one  of  the  advantages  of  this  antenna  type. 
Even  higher  efficiencies  could  be  obtained  with  a  completely 
dry  antenna  (in  air)  or  with  a  surrounding  medium  of  high 
&  without  the  conductivity  of  the  used  water  (for  example 
glycerin). 

Of  course  this  antenna  type  has  a  series  of  dis¬ 
advantages,  e.g.,  the  capacitive  sensitivity  and  the  cavity 
condition  mentioned  at  the  beginning  of  the  paper.  But  these 
properties  are  inherent  to  all  small  antennas  of  high 
efficiency  or  high  Q. 

On  the  whole,  this  antenna  type  seems  to  be  quite 
reasonable  having  advantages  which  other  equally-sized 
antenna  types  for  transmitting  purposes  do  not  have,  without 
having  aome  of  the  less  interesting  qualities  of  pure  electric 
or  magnetic  dipoles  discussed  in  Ref.  .[l?^* 
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2.  MEASUREMENT  OP  THE  CONDUCTIVITY  AND  DIELECTRIC  CONSTANT 
OP  A  WEAKLY  CONDUCTIVE  HOMOGENEOUS  MEDIUM  BY  WAVE  PRO¬ 
PAGATION  *• 


2.1,  Introduction 

For  the  ideal  case  of  an  isotropic,  homgeneous  and 
unbounded  medium,  the  field  strength  formulas  for  this 
special  case  were  derived  in  a  well-known  manner  from 
Maxwell's  equations  [*6j. 

For  practioal  and  theoretical  considerations  [I5j» 
magnetic  dipoles  were  used  for  the  transmitter  and  re¬ 
ceiver  of  such  waves.  On  the  transmitter  side,  they  were 
materialized  almost  exclusively  by  non-ferrous  frame  coils 
of  various  dimensions,  whereas  on  the  receiver  side  ferrite 
rod  antennas  proved  favorable. 


2.2,  Theoretical  considerations 


Of  all  the  field  formulas,  only  the  magnetic 
component  is  of  interest  in  this  connection  for  under¬ 
standing  the  above-mentioned  method. 

The  following  relations  are  valied  for  this  spe¬ 
cial  case 
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vector  with  respect  to  the  point  of  measurement 
distance  between  transmitter  and  point  of  measure¬ 
ment 
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k  -  complex  wave  number  containing  the  material  constants 
6 ,  O',  p.  and.  the  frequency  oj  »  27tf, 
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Calculating  the  amounts  of  the  parts  of  components  that 
depend  on  the  distance  only,  we  obtain 

(  2k  k2  +  k2  ■)  ^2 
H0  ■  2  exp  (-kgr)  [ ~  "j  2  \  (2.3a) 


for  fD~ m  0°  in  correspondence  with  the  first  Gaussian  po¬ 
sition  and 
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for 90°  in  accordance  with  the  second  Gaussian  position. 
The  induction  voltage  at  the  point  of  reception 
which  is  proportional  to  the  field  strength,  is  found  to  be 

1/2 


Uind  *  1^1  ~  {HqCos2/^  +  H2q  sin2J-j  (2.4) 


In  all  formulas,  the  conductivity  d  and  the  dielec¬ 
tric  constant  6  occur  as  essential  rock  parameters  in 
the  wave  number  (k^)  and  attenuation  constant  (k2). 

Hence  results  the  demand  for  a  measurement  of  these 
quantities  which  is  as  simple  as  possible  and  sufficiently 
accurate. 
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cimens  which  at  first  appeared  well  suited,  proved  to  be 
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problematic,  since  essential  factors  such  as  humidity  and 
porosity  change  when  producing  the  specimen. 

The  present  method  permits  measurement  immediately 
through  rock  by  means  of  wave  propagation.  The  basic  idea 
of  this  measurement  lies  in  the  fact  that  the  rock  para¬ 
meters  influencing  and  changing  the  wave  propagation,  are 
made  accessible  to  measurement  by  this  very  change.  The 
principle  of  this  measurement  furthermore  contains  an 
averaging  of  the  parameters  g.  and  d  over  the  region  pene¬ 
trated  by  the  waves,  which  is  of  great  advantage  for 
application  to  propagation  measurements  as  compared  to 
measurements  on  locally  taken  laboratory  specimens. 

Further  considerations  are  based  on  measurements 
of  directivity  patterns  giving  in  a  well-known  manner  the 
radiation  characteristics  of  a  magnetic  dipole  as  dependent 
on  the  parameters  at  constant  61  or  r.  Fig.  2.1  shows 
two  diagrams  for  constant  d  and  variable  distance  r  as 
parameters.  Fig.  2.2  shows  two  directivity  patterns  for 
constant  distance  and  variable  (>,  with  the  field  strength  H 
or  a  quantity  proportional  to  it  (e.g.,  inductance  B  or 
induced  voltage  U)  being  plotted  radially  at  the  point  of 
observation. 

In  all  four  families  of  curves,  one  can  see  the 
change  in  the  curve  shape  from  a  horizontal  eight  (near 
field)  at  low  conductivity  or  small  distance  via  approximately 
annular  (transition  zone)  to  a  vertical  eight  (far  field) 
at  high  conductivity  or  great  distance. 

Mathematical  analysis  of  these  curves  yields  the 
parameter  representation 
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and  after  eliminating  the  parameter  v  a  four-degree 
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equation  is  obtained,  The  shape  of  the  antenna  directivity 
pattern  is  determined  only  by  the  relation  of 

G  -  H0/H9q  .  (2.6) 

Thus,  the  quantity  G  is  the  ratio  of  the  field  strength  at 
the  point  of  observation  for  the  two  Gaussian  positions. 

Explicit  calculation  of  the  expressions  for  k^  and 
kg  from  Eq.  (2.2)  yields 

kl  -  Fv‘.  11  +  11+  <2-7> 

1  0 

k2  *  ]f  "2V£o  I"1  +  l1  +  •  <2-8) 


If  »  1,  the  second  root  of  the  two  equations  can 

0  be  simplified,  yielding 
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This  simplification  corresponds  to  a  neglection  of  the  dis¬ 
placement  current,  the  dielectric  constant  t  no  longer 
occurs  in  the  formulas  [  6  |,  The  parameter  d  which  is  de¬ 
cisive  for  propagation,  can  be  determined  by  measuring 
one  single  quantity,  e.g.,  G.  For  greater  details  and  boun¬ 
daries  for  the  applicability  of  this  method  see  Ref.  Ql7~| 
and  £l8j. 


2.3.  Conditions  of  measurement 


If  the  two  parameters  t  arid  d  are 
the  frequency  must  be  chosen  so  high  •  :at 
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that  both,  the  conduction  current  and  the  displacement 
current  contribute  to  wave  propagation. 

The  other  extreme  case  of  ■  —  «  1  does  not  yield 

anything  new  for  the  6  -  t,  measurement,  since  both  unknowns 
are  still  contained  even  after  simplification  of  the  ex¬ 
pressions  for  k1  and  k^,  The  experimental  materialization 
of  this  approximation  requires  either  extremely  low 
conductivity  or  a  frequency  that  lies  right  in  the  MHz 
region.  The  applicability  of  the  formulas  for  the  VLP 
region  for  such  high  frequencies  still  remains  to  be 
checked* 

The  direct  calculation  of  the  quantities  e  and  <5^ 
from  the  Eqs.  (2.3),  (2.7)  and  (2.8)  theoretically  is 
possible  always  with  two  independent  quantities  being 
given  (e.g.,  and  G).  The  given  formulas,  however,  are 
far  too  complicated  for  a  direct  calculation,  since  the 
unknown  quantities  are  contained  in  the  power  and  also  in 
the  exponential  expressions* 


2.4 •  Graphical  determination  of  £  and  S' 


A  much  simpler  method  is  the  graphical  determination 
of  g.  and  by  means  of  families  of  curves,  with  the  attainable 
accuracy  being  adaptable  to  the  requirements  and  the  accuracy 
of  measurement. 

For  obtaining  the  necessary  families  of  curves,  a 
large  field  of  field  strength  values  was  computed  at 
Innsbruck  University,  About  35*000  figure  values  on  about 
180  pages  shall  be  published  separately. 

Plotting  the  pairs  of  G  and  Rvalues  as  dependent 
on  the  variable  parameters  S'  and  &  and  the  fixed  parameters  r 
(distance)  and  u>  (frequency)  on  a  diagram,  we  obtain  Fig.  2.5 
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and  2.6.  The  latter  are  only  a  small  part  of  all  possible 
and  possibly  necessary  families  of  curves. 

Eiach  family  of  curves  here  corresponds  to  a  certain 
frequency  and  distance  of  measurement.  Theoretically,  a 
measuring  frequency  and  distance  suitable  for  any  imaginable 
combination  of  £  and  d  can  be  found  so  that  curves  for  the 
parameters  to  be  separated  are  far  enough  apart  from  each 
other.  Then  the  trumpet  shape  of  Pig.  2.3  -  2.6  is  obtained. 
The  region  of  measurement  that  c£n  be  evaluated  in  practloe, 
is  due  to  the  technical  limitations  of  the  measuring  in¬ 
struments,  e.g.,  by  the  signal-to-noise  ratio  or  by  the 
transmitter  power  as  shall  be  discussed  later. 

The  conductivity  d  and  the  dielectric  constant  £. 
ars  determined  so  that  the  measured  values  of  and 
P  *  of  a  suitable  point  of  measurement  are  plotted 

in  the  corresponding  diagram,  from  which  the  rock  para¬ 
meters  £,  and  d  oan  be  read  directly  or  by  interpolation „ 


2.5.  Accuracy  of  measurement 


Naturally  it  is  possible  to  estimate  the  accuracy 
of  measurement  for  £  and  d  in  accordance  with  the  laws  of 
usual  calculation  of  errors.  The  accuracy  of  the  parameters 
is  easy  to  determine  in  connection  with  the  table  of  errors 
computed  at  Innsbruck  University.  This  table  contains  the 
deviation  factors  of  the  quantities  end  0  for  a 

parameter  change  cf  +50^  the  same  parameter  region  as 
above.  These  table  values  are  those  factors  by  whioh  the 
field  strength  value  at  constant  parameters  would  have  to 
ba  multiplied  in  order  to  yield  the  value  of  parameter 
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The  following  relations  are  valid: 
Hn(<*  +  A6,a) 
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By  means  of  the  above  values,  the  following  quantities 
are  obtained  for  the  points  of  measurement  to  be  examined: 


Ae  «  100  {  max  |  (AH^q  ,AG£  )  -  1|}$ 
As  ■  100  {max|(AH^Q  ,AG^)  -  l|}% 


(2.11) 


which  take  into  account  the  quantities  G  or  decisive 
for  the  accuracy  of  t(Ae)  and  ^(As)  measurements.  In 
the  diagrams  ‘Pig.  2.3  through  Pig.  2.5*  the  relation  can  be 
seen  from  the  position  of  the  families  of  curves  for  con¬ 
stant  6*  and  £  relative  to  the  ordinate  (G)  or  abscissa 
(H9q).  In  Pig.  2 . 3 9  for  example,  the  quantity  (in  con¬ 
trast  to  the  quantity  G)  in  the  neighborhood  of  the 
approximately  horizontal  curve  for  (T  -  10~^  (s/m)  is  no 
criterium  for  distinguishing  various  6  values. 

If  we  assume  the  quantities  G  and  to  have  a 
measuring  accuracy  of  Am,  and  if  linear  interpolation  is 
permitted,  which  will  be  the  case  for  a  small  region,  the 
errore  for  t  and  (>  will  be  as  follows: 
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Afc  -  50^  * 


(2.12) 


2.6.  Example  of  measurement 


For  checking  this  method  experimentally,  the  above- 
mentioned  series  of  measurements  was  made  with  an  existing 
device  working  at  120  kHz.  Table  2.1  gives  only  those  values 
the  corresponding  curves  for  which  are  described  in  the 
present  report. 

TABLE  2.1 


r 

E90 

G 

100  m 

1,4  •  10”6 

1*4 

200  m 

2,5  •  10"7 

0,75 

The  quantities  for  were  converted  into  the  "reduced" 
field  strengths  given  in  Eqs.  (2.3a,b)  by  means  of  the  ca¬ 
libration  factors  specific  for  the  measuring  instrument.  The 
magnetic  moment  of  the  transmitting  dipole  here  will  be  m  =  1 
(cf.  Eq.  (2.1))  and  the  voltage  B  induced  in  the  receiving 
antenna  must  be  converted  to  field  strength  values  by  the 
calibration  factor. 

The  diagrams  (Fig.  2.3  and  Fig.  2.4) thus  yield  the 

values 

d  i  2  •  10"4  S/m 
t  -  12 
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Por  determining  the  accuracy  of  measurement,  the  tabl"-  of 
deviation  factors  will  be  used  from  which  the  values  for 
£-10  (by  approximation  ford-  12)  and  6" »  5  •  10*"^  S/m 
(by  approximation  for  6”  -  2  •  10”^  S/m)  are  taken  in 
accordance  with  Table  2.2, 


TABLE  2.2 


r 

Asto 

*h90 

AG6, 

t 

AS  6 

100  m 

1(>033 

1,049 

0,835 

1,006 

200  m 

0,71 

1,18 

0,82 

0,994 

Prom  Eqs.  (2.1l)  and  (2.12),  the  limits  of  errors  are  de¬ 
termined  for  a  measuring  distance  of  100  m  on  the  basiB 
of  a  measuring  accuracy  of  Am  -  10  fit 

Ad  -  50  io 
At  *  100 

For  a  distance  of  200  m,  the  corresponding  figures  are 

A6"  *  26  % 

At  m  28  9°  • 

In  accordance  with  the  curves,  the  accuracy  of  measurement 
increases  with  the  distance,  but  cannot  be  increased  ar¬ 
bitrarily,  since  the  accuracy  of  the  original  values  of 
and  G  decreases  as  the  distance  increases,  because 
of  the  decreasing  signal-to-noise  ratio. 

A  better  and  more  effective  possibility  of  increasing 
the  accuracy  of  measurement  can  be  seen  in  Pigs,  2,5  and 
2.6.  At  a  frequency  of  1  MHz  and  at  a  distance  of  only  20  m, 
the  splitting  up  of  curves  is  approximately  the  same  as  it 
is  at  120  kHz  and  200  m.  At  such  small  distances,  however, 
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the  cavity  must  already  be  taken  into  account.  The  selecti¬ 
vity  of  this  method  increases  about  proportionally  with 
frequency,  i.e,,  at  constant  resolution,  the  product  of 
frequency  and  distance  is  approximately  constant. 

In  this  connection  it  must  be  taken  into  account 
that  the  method  is  an  integrating  one  owing  to  the  method 
of  measurement,  which  summarizes  and  averages  over  the  more 
or  less  considerable  fluctuations  in  the  room  penetrated 
by  radiation. 

For  accurate  measurements  it  must  furthermore 
be  taken  into  consideration,  that  &  and  £  both  depend  on 
frequency.  Information  on  frequency  measurements  in  this 
connection  are  found  in  [19J  and  [V]  » 


2.7. 


Influence  of  phase  shift  between  HQ 


and  K 


20 


Should  a  special  meter  for  directly  determining 
the  required  quantities  G  and  be  not  available,  the 
field  strength  values  of  HQ  and  (G  *  Hq/H^q)  are  de¬ 
termined  by  the  method  of  antenna  directivity  pattern  des¬ 
cribed  at  the  beginning.  The  method  of  measurement  and  a 
complete  measuring  apparatus  are  described  in  detail  in  [l8j . 


Yfhen  determining  the  field  strengths  Hq  and  E^q 
it  is  ofteR  necessary  that  several  measurements  must  be  madej  and 
it  is  not  always  possible  to  keep  the  angle  J- exactly  0° 
or  90°.  In  this  case,  the  amount  of  the  field  strength 
at  the  point  of  observation  is  given  by 
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Since  H.  and  Hor.  themselves  are  vectorial  quantities,  they 

u  4 

combine  into  one  vector  H  only  if  both  are  in  phase.  H  then 
forms  the  diagonal  in  the  rectangle  spanned  out  by  if  and 
frjL.  (H  and  Sj L  are  the  vectors  whose  amounts  are  given  in 
Eq.  (2.1)  ).  If  Hr  and  are  no  longer  in  phase,  there  re¬ 
sults  a  rotating  field  ellipse  which  in  analogy  with  the 
Lissajous  figures  is  inscribed  in  the  rectangle  over  2  •  H 

r 

and  2  •  Hjl  .  The  graphical  representation  of  this  fact  is 
given  in  Fig.  2.8. 

The  quantities  and  Ug  correspond  to  the  large 
and  small  axes  of  the  rotating  field  ellipse  and  are  in¬ 
duced  as  the  voltages  in  the  ferrite  rod  antenna  if  the 
latter  is  orientated  in  the  respective  direction,  -i|/  being 
the  angle  of  orientation  of  the  direction  finding  antenna 
with  respect  to  the  radius  vector  toward  the  transmitting 
antenna. 

Hereinafter,  the  influence  of  the  deviation  ziU  on 
the  measurement  of  £  and  will  be  estimated. 

A  rotating  field  ellipse  on  the  whole  will  result 
only  if  two  non-parallel  components  that  are  out  of  phase 
are  added.  This  yields  immediately  that  an  elliptic  polarization 
cannot  exist  at  d'*  0°  and  /S'  ■  90°  where  in  accordance 
with  Eq.  (2.13)  there  occurs  only  the  component  Hr  and  ffjl, 
respectively.  ^ 

For  lvalues  between  0  and  90°,  H  consists  of  two 
components*  if  and  if$,.  The  ratio 


iii 

iki 


G  •  cot  S~ 


(2.14) 


determines  the  axial  ratio  of  the  rectangle  in  which  the 
rotating  field  ellipse  is  inscribed.  The  axial  ratio  of 
TJ^/U,  of  the  ellipse  is  a  measure  for  the  phase  shift  betws 
f  and  HJL. 
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If  the  experimentally  determined  U^  is  compared 
with  the  5  calculated  from  Eq„  (2.13),  we  find  an  amplitude 
error  of 

U, 

AU  =  100(1  -  .  (2.15) 

|8| 

The  errors  to  be  expected  for  some  combinations  of  a/b  and 
Ug/Ul  are  calculated  in  Table  2.3* 


TABLE  2.3 


VB1 

-*  I 

0,1 

1 

0,2 

0,3 

0,5 

a/b  * 

AU 

AU 

AU 

AU 

3 

1 

2  i* 

6  °/o 

«• 

2 

0,6  <fo 

2  fo 

5,5  1* 

12  % 

1.5 

0,7  e/o 

3  <?» 

6,5 

10,5  % 

1,25 

1 

3,5  $ 

7,5  % 

11,5  f° 

1,0 

2  % 

4  1° 

7,7  $ 

12,3  $ 

The  table  shows  that  the  error  for  en  ellipse  with  the  axial 
ratio  U2^1  ^eing  Uelo*  0,3  usually  will  lie  wi thing  the 
measuring  accuracy  and  that  intermediate  values  of  J'  may 
therefore  be  used  for  determining  Hq  and  H^q,  Hq  and 
can  then  be  calculated  and  averaged  from  several  measure¬ 
ments  by  means  of  Eq.  (2,13). 

For  the  infrequent  vase  of  Ug/U^  *  0,5, 

Hq  and  H^q  must  be  determined  at  *  0°  and  90°  as 
precisely  as  possible,  since  here,  as  mentioned  above,  only  these 
components  will  occur  and  can  be  measured  accurately. 


3.  MEASUREMENTS  WITH  THE  LARGE  TRANSMITTING  ANTENNA  SA  9 


In  continuation  of  measurements  over  great  distances 
made  by  Univ.  Doz.  Ur.  W.  Bitterlich  and  Dr.  0.  Grobner, 
studies  with  the  transmitting  frame  SA  9  have  again  been 
made  [26] .  The  transmitting  frame  SA  9  which  has  the  dimension 
of  40  x  40  m,  10  turns  of  135  mm^  aluminum  conductors  is 
spanned  out  in  suitable  galleries  and  shafts  in  the  mine  of 
GroBkogl  where  it  had  been  set  up  in  1964  with  the  same  shape 
it  still  has.  As  the  antenna  has  never  been  serviced  up  to  the 
present  measurements,  great  difficulties  were  to  overcome  before 
using  it  again.  All  supporting  inuslators  were  damp  and  dirty, 
some  were  broken  and  had  to  be  cleaned  or  replaced.  The  nylon 
ropes  used  for  binding  the  aluminum  cables  to  the  insulators 
were  all  damp  and  partly  broken  so  that  some  time  had  to  be 
used  for  repair  work. 

Impedance  as  dependent  on  frequency  could  not  be 
measured  with  the  conventional  bridge  balancing  method  for 
reasons  which  so  far  have  not  been  fully  explained.  For  getting 
as  clear  as  possible  a  pictxire  of  the  electrical  properties 
of  the  antenna,  the  inductance  and  self-capacitance  were  de¬ 
termined  by  the  resonance  method.  The  antenna  SA  9  can  be  re¬ 
presented  with  sufficient  approximation  as  shown  in  Fig.  J>,1, 

At  the  transmitter  output,  and  at  the  end  of  the  Lecher  wire, 
the  transmitting  antenna  is  operated  as  a  series  resonance 
circuit  in  order  to  obtain  a  resonance  resistance  as  low  ao 
possible,  to  which  the  transmitter  output  can  be  matched  best. 
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Lecher  wire 


At  resonance  frequency,  the  imaginary  part  disappears,  i«e., 
the  expression  in  parenthesis  of  Eq.  3,1  becomes  0,  Hence, 

2) 


or  f  - 

If  for  the  graphical  re  .presentation  of  various  points  of 
measurement  we  chose  the  fora 


7  ■  *  V 


(3.3) 
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with  y  *  k(x  +  x  ) 

the  parallel  capacitance  can  he  read,  from  the  negative  absciesa 
section,  whereas  the  antenna  inductance  can  be  calculated  from 
the  gradient  of  the  straight  line.  The  actually  measured  values 
are  listed  in  Table  3«1  and  graphically  represented  in  Fig.  3.2. 

2ABLE...3.4 


f 

kHz 

°a 

pF 

1/f2 

1,18 

1000 

7.2 

1,44 

670 

4,8 

1,85 

430 

2,93 

1,98 

395 

2,56 

2,15 

330 

2,17 

2,44 

.260 

1,68 

2,85 

192 

1,23 

3,25 

149 

0,95 

3,35 

123 

0,89 

4,15 

88 

0,58 

5,00 

58 

0,40 

6,7 

30 

0,223 

8,2 

20,6 

0,149 

The  inductance  for  SA  9  calculated  from  the  gradient  of  the 
curve  in  Fig,  3 «2  and  from  the  mean  value  of  the  individual 
points  of  measurement  is  as  follows  % 

L  ■  18,2  mH. 

The  straight  line  placed  optimally  through  the  points  of  measure¬ 
ment  goes  through  the  origin  with  sufficient  accuracy. 

This  shows  that  the  parallel  capacitance  ie  negligibly  small. 
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as  compared  to  the  tuning  capacitances. 

It  was  assumed  that  one  of  the  possible  reasons  for 
the  non-functioning  of  the  bridge  method  for  determining  the 
impedance  was  the  difference  (orders  of  magnitude)  of  the 
current  intensity  and  voltages  at  the  antenna  on  the  one  hand 
when  operated  in  resonance  with  bhe  transmitter  and  on  the 
other  hand  with  the  measuring  generator.  For  studying  this 
possible  effect,  resonanoe  curves  were  plotted  at  ever  decreasing 
voltages  and  resonance  current.  The  values  are  listed  in  Table 
3,2,  The  circuit  used  for  this  purpose  is  shown  in  Fig,  3»3* 


Here  it  could  be  seen  that  the  beat-frequency  oscillator  (Grundig) 
used  as  measuring  generator,  has  an  output  separated  from  the 
a-c  mains  only  insufficiently  so  that  in  the  circuit  without  an 
isolating  transformer  an  a-c  current  flowed  through  the 
antenna  which  made  an  accurate  measurement  impossible.  The 
use  of  an  isolating  transformer  (Grundig)  permitted  a  correct 
measurement.  Another  difficulty  arose  when  measuring  the  current 
by  means  of  the  multi-purpose  instrument  Unigor  2s  (Gorz),  For 
the  small  range  of  measurement,  the  too  large  resistance  of  this 
Instrument  reduced  the  Q  of  the  antenna  such  that  a  direct 
measurement  for  current”  as  small  as  that-  was  impossible. 
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At  60  ma,  this  instrument  has  a  resistance  of  accurately  1  Ohm  so 
that  the  voltage  drop  on  this  resistance  can  be  measured  by 
means  of  the  selective  transmission  measuring  set  (Marconi),  the 
voltage  being  equal  to  the  current  intensity.  The  current  in¬ 
tensities  for  the  last  three  lines  of  Table  3»2  have  thus 
been  measured.  The  values  of  Table  5*2  are  voltage  values  that 
are  standardized  to  100$  at  maximum  resonance,  giving  the 
drop  of  the  resonance  curve  to  the  left  and  to  the  right. 

TABLE  3.2 


I  f  [kHz] 

res  \  ->  -1 


2,48 

2,50 

2,52 

2,54 

2,56 

2,58 

2,60 

1,35  a 

33 

43 

65 

100 

95 

69 

48 

0,15  a 

34 

46 

66 

100 

86 

63 

37 

43 

57 

82 

100 

86 

59 

46 

49 

63 

33 

100 

83 

63 

49 

103  pa 

62 

85 

100 

83 

62 

47 

In  the  first  two  lines  of  the  table  (corresponding  to  the 
current  intensities  of  1,35  a  and  0,15  a),  the  maximum 
voltage  seems  to  be  somewhat  unsymmetrical,  and  the  maximum 
value  of  voltage  would  accordingly  be  more  than  100$.  The 
reason  for  this  unsymmetry  is  to  be  sought  in  the  resistance 
of  the  instrument,  as  the  resistance  for  these  two  regions 
(6  a  and  0,6  a)  is  0,06  ohms  and  0,25  ohms,  respectively  so 
that  attenuation  of  the  entire  circuit  for  these  two  regions 
is  much  lower.  This  is  expressed  in  a  displacement  of  maximum 
voltage  toward  higher  frequencies,  and  when  plotting  the  curves 
or  comparing  the  voltage  values  more  preoip-jly,  Q  is  found 
to  be  somewhat  higher.  For  the  highest  resonance  current,  a 
Q  of  about  40  is  obtained.  By  means  of  this  measurement  it 
could  be  proved  that  Q  and  also  the  antenna  induotance  are 
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independent  of  the  applied  current  or  voltage  at  least  over 
four  powers  of  ten  of  the  current  or  resonance  voltage.  The 
failure  of  the  bridge  method  thus  cannot  be  explained  by  re¬ 
ferring  to  currents  or  voltages  owing  to  galvanic  or  leadage 
currents. 

For  the  purpose  of  explaining  the  failure  of  the 
bridge  measurement,  it  must  be  examined  in  how  far  a  loss 
resistor  R^  (cf.  Fig.  3*l)  to  be  plotted  parallel  to  the 
inductance  L  affects  the  measurement  by  making  it  impossible. 


3.2.  Feeding  the  large  transmitting  antenna  SA  9 


The  large  transmitting  antenna  SA  9  was  fed  in  the 
same  way  as  in  the  1964  examination  by  means  of  a  trans¬ 
mitting  amplifier  Type  Savage  with  an  output  power  of  1  kw. 

The  frequency  generator  was  a  aecadic  RC  generator  (Levell) 
which  in  the  used  frequency  region  had  the  required  accuracy 
of  frequency  and  stability.  The  output  transformer  of  the 
transmitting  amplifier  has  several  circuit  variations  per¬ 
mitting  the  output  resistance  and  output  voltage  at  full 
modulation  to  be  varied.  The  most  favorable  output  impedance 
was  then  determined  by  experiment. 

In  the  former  experiments,  oil-soaked  paper  capacitors 
of  high  dielectric  strength  were  used  for  tuning  the  trans¬ 
mitting  antenna  to  resonance.  The  quality  of  these  capacitors,, 
however,  was  insufficient  for  guarantesing  continuous  operation 
at  high  voltage.  They  got  too  hot  and  their  quality  was  thus 
reduoed'  considerably.  For  the  purpose  of  attaining  a  higher 
resonance  power  on  the  antenna,  new  ceramic  capacitors 
.(Rosenthal)  were  ordered  which  were  able  to  take  the  high 
reactive  power  without  noticeable  temperature  increase.  Since 
the  maximum  capacitance  of  these  capacitors  was  only  6000  pF 


-39- 


owing  to  their  construction,  the  frequency  minimum  was  6,2  kHz, 
the  six  disk-shaped,  capacitors  having  a  total  capacitance 
of  35  nP. 

For  attaining  a  higher  antenna  current,  the  frequency 
had  to  be  reduced,  the  capacitance  thus  being  increased. 

At  a  frequency  of  1,16  kHz,  a  maximum  resonance  current  of  15  a 
could  be  attained  (measured  by  Unigor  2s)  and  kept  constant 
over  a  long  period  of  time  by  means  of  a  mica  capacitor 
(capacitance  1  p.F)  borrowed  from  the  Austrian  Radio  Company^ 
During  the  propagation  measurement,  however,  it  was  fo'or.d-  out 
that  there  existed  a  number  of  signals  close  to  the  transmitting 
frequency  in  the  neighborhood  of  the  high-voltage  lines  which 
are  very  close  in  the  region  to  be  measured.  Probably  these 
are  keyed  pilot  frequencies  on  the  TIWAG  lines. 

These  interfering  oignals  made  a  measurement  over  great 
distances  impossible,  a  somewhat  higher  transmitting  frequency 
had  to  be  chosen. - 

After  several  experiments,  a  group  connection  of  all 
existing  capacitors  was  found,  yielding  a  resonant  frequency 
of  2,74  kHz  and  a  resonanoe  current  of  12  a  which  could  be 
kept  unchanged  for  over  six  hourB.  The  circuit  of  these  ca¬ 
pacitors  is  shown  in  Fig.  3»4* 


Fio-.  l.A 
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For  facilitating  the  measurement,  a  previously  prepared 
impulser  was  connected  between  the  RC  generator  and  trans¬ 
mitter  for  switching  on  the  signal  for  8  secs  and  off  for 
2  secs.  By  means  of  this  regular  rhythm,  the  signal  to  be 
measured  can  clearly  be  separated  from  the  interfering  signal, 
even  with  the  noise  level  lying  in  the  same  order  of  magnitude 
as  the  signal  to  be  measured.  The  measurements  thus  oonduoted 
over  largest  possible  distances,  are  described  in  detail  in  the 
next  chapter. 


3.3.  Measurements  with  the  transmitting  antenna  SA  9 


A  propagation  measurement  around  the  transmitter  site, 
namely  the  region  of  St.  Gertraudi  -  Reith  -  GroBkogl  was  made 
with  the  above-mentioned  arrangement  (transmitting  antenna  SA  o 
+  ceramic  capacitors  for  tuning  to  resonance,  resonant  frequency 
of  6,7  kHz.  The  measured  values  are  listed  in  Table  3»3» 

Fig.  3*5  gives  these  values  graphically.  A  comparison 
with  the  antenna  diagrams  of  former  studies [15,  18,  2l]  is 
possible  only  up  to  a  certain  point,  since  the  conditions  for  the 
former  directivity  patterns  are  fulfilled  only  in  parts.  These 
aret  l)  the  distance  of  the  different  points  of  measurement  to 
the  transmitting  antenna  is  not  the  same} 

2)  The  points  of  measurement  lie  outside  the  mountain,  on 
the  earth’ 8  surface} 

3)  The  distance  of  penetrated  rock  is  not  equally  long  for 
all  the  points. 

The  last  two  positions  are  considerably  different  from  the  con¬ 
ditions  assumed  in  theory. 

4)  The  points  of  measurement  do  not  lie  in  a  plane  so 
that  the  counting  of  angles  strictly  speaking  ought  to  include 
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two  angles,  one  in  the  horizontal  direction  from  the  antenna 
axis,  the  second  one  as  a  vertical  deviation  from  the  horizontal. 
Remarkable  is  the  last  point  of  measurement  over  a  distance  of 
about  3  km  (Cafe  zillertal),  where  a  signal-to-noise  ratio  of 
5*1  was  attained. 

The  values  of  table  3*3  were  measured  with  a  receiver 
which  shall  be  described  in  detail  in  the  following  chapter.  The 
antenna  preamplifier  was  operated  without  a  resonanoe  oirouii* 
This  is  why  the  sensitivity  ie  still  very  low. 

TABLE  3.3 

Propagation  measurement  13  Aug.  1968 

Transmitter*  SA  9  Levell  R-C-Generator,  Savage-amplifier  (75  v 
matching)  5  Rosenthal  ceramic  capacitors  ■* 

-  30  nF,  f  -  6,68  kHz,  -  6,8  a  ^  (iJnigor  2s) 

Receiver:  FA  6  ("Plexifetantenna”)  Cascode  preamplifier  (non- 
selective)  with  transformer  output,  Marconi 


point  of  measurement 

r  [m] 

US 

h  1 

S/fr 

entrance 

350 

6  v 

2 

mv 

3000 

1 

810 

1,1  V 

2 

mv 

500 

2 

870 

0,9  v 

1*5 

mv 

600 

3 

1160 

220  mv 

1 

mv 

220 

4 

880 

0,7  v 

2 

mv 

350 

Landhaus 

1600 

92  mv 

3 

mv 

30 

Cafe  ziliertal 

3100 

10  mv 

2 

mv 

5 

Ug  ...  Signal  -  (useful)  voltage 

UN  ...  noise  voltage  (jamming  transmitter  and  noise) 
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A  series  of  measurements  over  distances  as  large  as  possible 
was  made  at  a  frequency  of  2,74  kHz  and  an  antenna  current 
of  12  a*  J~,  the  angle  between  the  axis  of  the  transmitting 
antenna  and  the  radius  vector  is  about  45°  for  all  antenna  points. 
The  points  of  measurement  lie  along  the  Inn  valley  on  a  line 
connecting  the  mines  of  St.  Gertraudi  and  Schwaz.  The  individual 
values  of  measurement  are  listed  in  Table  3.4. 

TABLE  3.4 

Propagation  measurement  10  Dec.  and  17  Dec. 

1968 

Transmitter!  SA  9  decad.  Levell  R-C  generator,  impulser, 

Savage  amplifier  (50  v  matching)  5  Rosenthal 
capacitors  a  6000  pP,  4  cube  capacitors  a  380  nP, 
pot-type  capacitor  with  6  angles  Na  330  nP, 
f  ■  2,744  kHz,  IA  ■  12  a  (Unigor  2s) 

Receiver:  PA  6  ("Plexifetantenna")  Cascode  preamplifier 
.with  resonance  circuit,  Marooni 


Point  of  measurement 

r  [m] 

US 

UN 

s/s 

Entrance 

550 

500 

mv 

Landhaus 

i  1600 

22 

mv 

10 

pv 

2200 

Cafe  Zillertal 

3100 

!4 

mv 

junction  Siliertal 

3400 

1,4 

mv 

10 

pv 

140 

2*0 

MuU 

I5*f 

"  Achensee 

4300 

0,6 

mv 

200 

pv 

Rotholz 

5300 

300 

yv 

20 

pv 

St.  Mar gar e then 

6400 

70 

pv 

10 

pv 

7 

Aral  filling  station 
(before  Galzein) 

7400 

50 

pv 

10 

pv 

5 

opposite  Jenbacher  Werke 

7800 

40 

pv 

8 

pv 

5 

before  entering  Galzein  road 

3800 

30 

pv 

8 

pv 

4 

drive  to  mine  of  Schwaz 

11 .7kn 

20 

pv 

8 

pv 

2,5 

behind  Messerschmitt  hall 

11.3" 

8 

pv 

4 

PV 

2 

#)  distance  to  the  next  high-voltage  line 
**)  distance  to  the  next  power  line  about  20  m 
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The  tables  show  that  this  measuring  arrangement  for  the 
first  time  permitted  measurement  over  a  distance  reaching  from 
tne  mine  of  St.  Gertraudj  to  the  mine  of  Schwaz,  i«e.,  12  km 
were  penetrated.  Radio-communication  between  the  two  mines  had 
been  the  aim  of  previous  measurement,  which,  however,  oould 
not  be  attained,  since  the  capacitor  quality  on  the  transmitter 
aide  was  not  high  enough,  and  an  adequate,  low-noise  receiver 
had  to  be  built  first.  Very  favorable  for  the  measurement  were 
the  noise  level  which  wfs  very  low  at  that  time,  the  choice  of 
frequency  between  two  j%®Jiing  stations,  and  the  transmitter 
signal  which  was  keyed. 

The  graphical  representation  of  this  series  of  measure¬ 
ments  is  shown  in  Pig.  3*6.  Comparison  is  made  with  the  theo¬ 
retical  curve  for  a  conductivity  of  10"^  mhos/m.  *t  can  clearly 
be  seen  that  attenuation  for  the  measured  propagation  is  lower 
than  the  rock  conductivity  to  be  expected,  since  the  measure¬ 
ment  is  not  made  continuously  through  rock.  Zillertal  oauses  a 
3  km  interruption,  penetration  into  the  ground  afterwards  being 
only  partial.  It  shall  be  examined  in  later  studies  whether  the 
signal  propagation  is  a  ground  wave  or  skye  wave.  At  a  wave¬ 
length  of  about  100  km,  it  remains  to  be  studied  whether  this  is 
a  case  of  wave  propagation  at  all  or  whether  it  is  a  kind  of 
open  transformer. 


3,4.  Receiving  device  EA  7 


In  view  of  large  distance  propagation  measurements  and  of  the 
weak  signals  to  be  expected  at  measurements  under  difficult 
conditions,  an  extremely  low-noise  antenna  preamplifier  was 
constructed  which  was  intended  to  have  good  noise  properties- 
and  high  electrical  and  thermal  stability.  For  the  input  stage, 
very  low-noise  transistors  were  chosens  silicon  NPN  transistors 


type  BFY  77  having:  a  characteristic  noise  factor  of  0,6  db  in 
a  frequency  range  of  3  -  300  kHz.  For  fully  utilizing  this  low 
noise  factor,  a  cascode  circuit  [20]  was  chosen  for  the  input 
stage.  This  type  of  circuit  comparatively  seldom  described  in 
literature,  has  some  very  interesting  properties.  For  this 
reason,  this  circuit  is  going  to  be  described  hereinafter.  The 
input  cirouit  is  shown  in  Fig.  3.7. 


+  9-Z5V 

~  UBatt 
^0 


In  order  to  avoid  coupling  over  a  high-resistance  input  circuit 
(resonance  circuit)  which  is  disadvantageous  for  the  noise  level, 
inductive  coupling  was  preferred.  It  has  an  input  resistance  of 
about  1,5  kQ,  its  noise  power  being  practically  negligible.  From 
the  Nyquist  formula,  a  noiBe  voltage  of  0,014  pv  on  this  re¬ 
sistor  was  calculated  for  a  receiver  band  width  of  10  Hz 
(Marconi...  7  Hz).  The  potentiometer  PI  of  500  kQ  which  is  used 
for  adjustment  of  the  base  bias  of  the  first  transistor  is 
short-circuited  for  a-c  by  a  5  P?  capacitor.  The  voltage  on 

"  Li  P 

u 

transistor  T^  is  very  small.  The  latter  therefore  has  only  low 
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amplification,  but  is  very  favorable  with  respect  to  its  noise 
behavior.  Actual  amplification  is  due  to  transistor  Tg  whose 
base  can  be  adjusted  via  the  potentiometer  Pg  which  in  this 
circuit  has  been  replaced  by  fixed  resistors.  The  base  of  Tg 
is  grounded  for  a-o,  i.e.,  the  transistor  Tg  operates  in  grounded 
base  connection.  The  adjustment  of  potentiometer  Pg  is  uncritioal 
in  a  relatively  large  region.  If  the  bs.se  biat'  is  driven  too 
far  toward  positive  battery  voltage ,  the  oascode  circuit  be¬ 
comes  unstable,  tending  to  self-excited  oscillations.  Coupling 
of  Pg  to  the  collector  of  the  seoond  transistor  instead  of  the 
positive  battery  voltage,  leads  to  negative  feedback  supporting 
the  voltage  stability.  The  most  favorable  battery  voltage  was 
18  v,  the  amplification  factor  being  v  »  72.  Table  3,5  gives 
the  dependence  of  the  amplification  factor  on  the  battery  voltage. 


TABLE  3.5 

Amplification  as  dependent  on  ^ 


Vu  M 

7 

9 

10 

12 

15 

18 

20 

25 

^rel 

0,5 

CD 

— 

O 

0,9 

0,96 

1,0 

1,0 

1,0 

1,1 

It  is  remarkable  that  the  amplification  factor  is  almost  constant 
in  a  very  large  voltage  region  (15  -  about  22  v).  This  is  due 
to  the  negative  feedback  of  transistor  Tg  via  potentiometer  Pg, 
and  to  the  pentode  characteristic  of  the  total  casoode  stage. 

The  signal  passes  through  the  casoode  oircuit  undistorted  in  the 
entire  region  of  voltages  and  frequencies. 

Feeding  the  signal  directly  to  the  primary  side  of  the 
input  transformer  Lg  in  a  suitable  manner,  the  following  fre¬ 
quency  response  can  be  measureds 
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600  Hz  ...  150  kHz  at  -5  dB 
900  Hz  ...  100  kHz  at  -10?S. 


The  cascode  circuit  with  the  values  described  in  Fig.  3*7*  has 
an  input  resistor  of  R^n  -  1,5  kQ  and  an  output  resistor  of 
R  ^  "  ^5  kQ.  The  demand  for  linear  amplification  limits  the 
output  signal  at'  a  maximum  of  6  v  _  (measured  with  a  Philips 
double-beam  oscilloscope) . 

For  testing  the  temperature  stability,  the  temperature  was 
measured  by  means  of  an  iron  -  constantan  temperature  tester 
and  an  Unigor  lp  on  the  transistor  case}  high  temperatures  were 
reached  by  a  hair-drier,  low  temperatures  \*j  means  of  a  cold 
spray.  Low  temperatures  were  measured  during  the  temperature 


rise.  The  following  values  wore  measured: 
Temperature  10°C  amplification  ratio  vt/v2o 
16°C 
20°C 
30°C 
40°C 


0,85 

0,86 

1 

1 

0,9  (operating  point 
shifted) 


Because  of  the  comparatively  high  output  resistance,  high-re¬ 
sistance  instruments  had  been  used  for  the  above  measurement 
(oscillograph,  vacuum  tube  voltmeter).  For  measurements  with  the 
selective'  level  meter  (Marconi)  the  input  resistance  of  the 
meter  was  of'  the  same  order  of  magnitude  as  the  output  re¬ 
sistance  of  the  circuit.  This  was  very  disadvantageous  when 
the  measuring  range  of  the  Marconi  instrument  was  changed,  as 
its  input  resistance  depended  on  the  range.  At'  first,  a  single 
stage  impedance  transformer  was  connected  with  the  cascode  stage, 
amplification  of  this  stage,  however,  proved  too  low  for  noise 
measurements. 

In  order  to  avoid  a  deterioration  of  the  very  favorable 
stability  properties  of  this  amplifier  by  connecting  another 
amplifier  stage  in  between,  amplification  was  increased  by  a 
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resonance  circuit  which  at  the  same  time  had  the  advantage  of 
attenuating  interfering  signals  at  neighboring  frequencies  already 
in  the  preamplifier*  The  final  preamplifier  circuit  is  shown  in 
Pig.  J>.8.  The  input  resistance  of  the  simple  emitter  follower 
proved  too  small,  i.e.,  the  resonance  circuit  was  attenuated 
too  much  so  that  a  double  emitter  follower  now  forms  the  o\\tput 
circuit  of  the  preamplifier.  The  .resonance  circuit  was 
dimensioned  according  to  optimum  matching  of  resistance.  The 
input  resistance  of  the  double  emitter  follower  stage  is 
about  2,5  MQ  so  that  there  is  a  resistance  formation  of  1  :  100 
from  the  output  of  the  cascode  stage  to  the  input  of  the  emitter 
follower.  This  requires  a  turn  ratio  on  the  transformer  of  1  t  10  • 
The  inductance  depended  on  the  desired  frequency  region:  Secondary 
2,6  H  yielded  a  frequency  variation  of  2,5  -  13 ^5  kHz  with  a  three¬ 
fold  variable  capacitor  (1500  pP  -  50  pF).  This  inductance  was 
reached  by  means  of  a  pot-type  core  without  an  air  gap  with 
n2  -  1000  turns.  The  primary  number  of  turns  thus  waB  determined 
as  n^  -  100.  The  output  resistance  of  this  circuit  is  now  smaller 
than  IkQ,  mainly  depending  on  the  emitter  resistance  of  the 
last  transistor. 

Table  5»6a  gives  the  frequency  behavior  of  the  preamplifier 
plus  the  resonance  circuit. 


TABLE  5.6  a 


f  [kHz] 

2,5 

5 

5 

10 

12 

VRes 

210 

225 

250 

250 

1 

255 

In  order  to  examine  the  noise  behavior  of  the  preamplifier, 

2 

a  calibration  field  was  produced  with  a  calibration  coil  (area  1290  cm  , 
u  -  10,  I  -  0,5  ma)  at  a  distance  of  5  a.  This  field  mainly  served 
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to  the  same  frequency  the  preamplifier 
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and  the  selective  transmission  level  meter.  When  the  calibration 
field  was  switched  off,  the  level  of  atmospheric  disturbances 
could  be  measured,  i.e.,  the  input  noise  of  the  transistor  could 
be  measured  when  replacing  the  antenna  rod  by  a  pot-type  core 
of  equal  inductance.  For  measuring  the  noise  potential  correctly, 
an  effective  voltmeter  would  have  been  necessary  with  an 
adequate  time  constant.  This,  however,  was  not  available  at  the 
time  of  measurement,  so  it  was  carried  out  with  an  apparatus  that 
is  used  in  measurement  work.  The  values  for  the  noise  voltage 
are  values  visually  integrated  over  a  certain  period  of  time 
on  the  indicating  instrument  of  the  selective  transmission 
level  meter.  Thus,  however,  the  noise  level  can  be  estimated 
but  roughly,  especially  since  the  peaks  which  often  are  a 
multiple  of  the  measured  noise  level,  are  not  taken  into  account. 
Yet,  this  method  is  admissible  for  noise  level  comparisons, 
since  the  signal  is  to  be  measured  under  the  same  conditions 
and  need  only  be  distinguished  clearly  from  the  noise  level. 

Tab.  3»6b  shows  various  measured  values  on  the  noise  behavior 
of  the  preamplifier,  where 

f  ■  resonant  frequency  to  which  the  preamplifier  circuit 
is  matched 

U  »  output  voltage  at  switched-on  calibration  coil 
Ujj  -  voltage  of  all  noise  signals  with  the  calibration 
coil  being  switched  off 

Uq  -  voltage  at  open  input  (ferrite  antenna  disconnected) 
UT  -  ferrite  antenna  replaced  by  a  pot-type  core  of 
equal  inductance  (pot-type  core  shielded  against 
external  radiation) 


U 


k 


input  short-circuited 
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TABLE  3.6  b 


f 

U 

a 

*o 

UL 

3  kHz 

1,8  mv 

100  yv 

<  6  ^v 

<  5  vv 

5  uv 

5  kHz 

2,2  mv 

100 

<  8  pv 

<  7  ]LV 

<8  yv 

10  kHz 

2,2  mv 

70  pv 

15  nv 

15  \LV 

12  nv 

The  given  voltages  refer  to  the  output  of  the  preamplifier, 
the  voltage  at  the  input  being  calculated  by  dividing  by  the 
respective  amplification  factor. 

For  enlarging  the  frequency  region  of  the  preamplifier, 
it  is  planned  to  connect  the  inductance  L3  (Fig.  3*8)  in  se¬ 
veral  stages,  with  the  ratio  of  turns  of  1*10  (resistance 
matching!)  being  preserved.  Thus,  the  entire  frequency  region 
of  the  cascode  stage  is  to  be  utilized  (even  when  an  antenna 
of  higher  frequency  has  to  be  taken  into  account). 


aQJ'&I  —Circuit  of  the  antenna,  pre&nrplif i  ©r 
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ferrite  rod  antenna  PA  6  i  length  1.  m,  circuit  1  300  turns 

2  300  » 

4  500  "  %P  mH 

6  J  .  ' 

j  500  " 

pot  coil  core  transformer  58T3,  material  1100R22,  without  air  gap 
prim  0,11  H,  10Q 
seo  0,24  H,  15  Q 

pot  coil  core  transformer  58T3,  material  1100  R  22,  without  air  gap 
prim  20  mH,  100  turns 
sec  2  x  0,66  H,  2  x  500  turns 


2,6  H  1000  turns 


Pig.  3.8 
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4.  ELECTRICAL  ROCK  CHARACTERISTICS  PROM  THE  FIELD  STRUCTURE  OP 
A  MAGNETIC  DIPOLE  IN  A  CONDUCTING  MEDIUM 


This  report  re\'cws  the  studies  so  far  conducted  on  the 
above  subject,  Resides  a  brief  discussion  of  the  theoretical 
principles,  wl-._ch  have  been  reported  in  detail  before  [9J » 
some  results  are  given  of  measurements  which  shall  be  published 
in  the  near  future.  A  scientific  report  giving  detailed  in- 
formation  on  this  subjeot  is  now  being  prepared. 


4.1.  Introduction 


Studying  the  propagation  of  electromagnetic  waves  through 
rock,  two  fundamental  problems  arise  concerning  the  medium. 

1)  May  the  rock  be  considered  as  a  homogeneous,  isotropic 
medium? 

2)  If  so.,  how  large  are  the  mean  values  of  conductivity  and 
dielectric  constants? 

In  order  to  answer  these  two  questions,  propagation  measure¬ 
ments  will  ha'^e  to  be  studied,  since  in  the  first  problem  only 
homogeneity  with  respect  to  propagation  of  electromagnetic  waves 
is  being  discussed.  The  second  problem  cannot  be  solved  by 
measuring  6  and  on  rock  samples,  since 

1)  there  exist  difficulties  of  simulating  the  in  situ  conditions 
(pressure,  temperature,  humidity).  This  has  already  been  . 
stated  by  L.A.  Ames  et  al.  [_22]  , 

2)  there  is  no  hint  as  to  how  values  decisive  for  propagation 
might  be  obtained  from  samples  even  when  measured  under  in  situ 
conditions, 
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5)  ele<j,tF°4®-.  polarisation  at  low  frequencies  disturbs  the 

measurement  [8]  (for  VLP  propagation  processes,  however,  then 
usually  C  »  wfr£0  so  that  the  exact  value  of  <£-r  is  insigni¬ 
ficant. ) 

The  method  of  measurement  used  by  0.  Grobner  jj23]  and 
technically  improved  by  N,.  Kessler  jjuj]  was  applied  without 
sny  changes*  In  this  method,  a  magnetic  dipole  with  a  horizontal 
axis  is  used  as  a  transmitting  antenna‘“-whioh  is  rotated  in 
certain  ^angular  positions,  the  magnetic  field  strength  components 
being  measured  at.  the  point  of  reception.  The  methods  des¬ 
cribed  by  R.  Hommel  [lf\  and  N.  Nessler':  £l8j  permit  the  de¬ 
termination  of  6"  and  6^,  but  give  no  information  on  the  problem 
of  homogeneity.  In  these  cases  it  may  occur  for  example  that 
some  conductivity  is  measured  which  is  incorreot  by  several 
orders  of  magnitude,  since  the  conditions  of  measurement  have 
not  been  fulfilled.  Therefore  it  is  necessary  that  a  method 
should  be  applied  in  which  each  measured  angular  position  of 
the  transmitting  antenna  is  evaluated  so  that  information  is 
obtained  to  what  extent  the  experiment  is  described  by  the 
theory. 


-.,4.2  Theory  .  •  .  ' 


The  following  conditions  are  assumed! 

1.  The  medium  be 

a)  homogeneous 

b)  isotropio 

c)  unbounded. 

Xfc  a  time  factor  of  exp  (+iwt)  it  is  characterized  by' the 
complex.* wave  number  let 
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k  -  kx  -  ik2  -  u  1  C 1  -  i~)  .  (4*l) 

<3  »  conductivity  ,  m  -  2xf  ,  f  [kHz]  . ..  frequency 

£=■  £  £  ..o-  dielectric  constant  |as/vm| 

r  o  l.  j 

p  ...  permeability  [vs/am]  , 
p  »  jiq  is  being  assumed 

2. )3.R0  ffait  [24J , [25^  showed  that  the  influence  of  an  air-filled 
spherical  cavity  in  which  the  transmitter  is  immersed  is 
negligible  if 

kQa  «  1  and  |  kaj  <0,2. 

a  ...  radius  of  cavity 
k  ...  wave  number  in  air  (k  -  2n/ 

3. )  Let  b  be  the  maximum  dimension  of  transmitting  or  receiving 

antenna,  then 

b  «  r  (r  »  transmitter  -  receiver 
distanoe) 

and 

4o)  b  «Aq. 

The  conditions  of  pos,  2  and  4  determine  an  upper  frequency 
limit.  The  size  of  the  region  considered  as  being  homogeneous  in 
connection  with  the  fact  that  a  useful  accuracy  is  reaohed  only 
if  kr  >  0,3 *  give  the  lower  frequency  limit. 

Under  the  above  conditions,  the  expressions  for  the  magnetic 
field  strengths  of  the  magnetic  dipole  in  spherical  coordinates  [2b] 
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I  ...  transmitting  current 
P  ...  area’ of  the  transmitting  antenna 
n  « . *  number  of  turns 
r ,  «$•,  ...  spherical  coordinates* 

Defining 

G  - 


tan  rS- 


(4.4) 


with  S  -  phase  difference  between  Hr  and 

We  can  derive  formulas  from  (4*2)  and  (4 .3)  for  G  and  6  t 


G  -  G  (x,p)  (4*5) 

8-8  (x,p)  (4.6) 


where 


x  -  kxr 


(4.7) 

(4.8) 


The  quantities  G  and  S  are  measured,  the  equations  (4.5)  and 
(4.6)  are  solved  for  x  and  p,  the  complex  wave  number  thus  being 
determined.  Prom  (4*l)  we  obtain  for  o'  and  £r 


o'  -  2,553  •  105  -1^-  2-  [Q'>1m"1j 
k4- .  kJ 

fir  -  2,280  .  10°"  X  -  [l] 


(4.9) 

(4.10) 


G  and  6  are  determined  from  measurements  on  polarization  ellipses,, 
thus  confining  the  distance  region  for  the  measurement*.  Polarization 
ellipses  are  known  to  occur  in  the  transition  zone  between  the 
quaaistatic  field  (kr  «  l)  and  far  field  (kr  »  l),  hence  kr 
must  have  the  order  of  1  for  such  measurements. 
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If  the  frequency*  distance  and  the  angle  J  are  known*  and  £ 
can  be  determined  from  one  pole.rization  ellipse.  Of  the  polarization 
ellipse  only  the  axial  ratio  v  and  y  and  the  angle  between  .radius  veotor 
and  large  principal  axis  arc  r squired. 

If  the  receiving  device  operates  linearly*  like  in  the  case 
of  the  ferrite  rod  antennas  developed  by  W.  Bitterlich  [l6[j ,  the 
receiving  antenna  need  not  be  calibrated  £or  determining  S'  and  <Sr» 

A  calibrated  receiving  antenn-.i,  however*  can  be  used  for  an 
additional  control  by  substituting  in  (4=2)  and  (4=3)  the  value 
o^cained  for  the  complex  propagation  constant,  and  comparing 
the  result  with  the  field  strength  value  measured  directly. 


4o3=  Experiment 


At  the  beginning  of  the  measvrements*  the  device  built  by 
N.  Nessler  [lej  could  be  used.  In  order  to  find  the  upper  fre¬ 
quency  limit  for  the  applicability  of  theory,  a  valve  trans¬ 
mitter  of  50  w,  140  -  1000  kHz  was  built.  A  preamplifier  for  the 
receiving  device  for  higher  frequencies  was  built  by  R.  Lukavec 
(see  chap.  1.4)0  Furthermore*  two  circular  frame  antennas  with 
one  turii  were  constructed,  one  being  made  as  a  shielded  loop. 
Both  have  a  diameter  of  slightly  less  than  1  m  so  that  they  are 
easy  to  set  up  in  the  mine. 

Measurements  were  made  in  the  mine  of  St.  Gertraudi  (Tyrol) 

for  frequencies  of  120  -  1000  kHz  and  transmitter-receiver 

distances  which  usually  were  below  100  m. 

The  transmitting  antenna  is  rotated  from  of-  0°  to  ,$-«  180° 

in  steps  of  15°.  For  each  angular  posi.tion  of  the  transmitting 

antenna  (except  for  0°  and  td"  ■  90° )*  the  polarization 

/> 

ellipses  yield  a  G  value  and  a  6  value. 


X 
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In  contrast  to  theory,  experiments  showed  that  these 
values  were  not  independent  of  the  angular  position  of  the 
transmitting  antenna.  Repeating  the  measurements,  this  fact 
could  be  proved  by  means  of  variance  (P)  test  C2?]  .  The  method 
of  determining  6  and  thus  is  affected  by  a  considerable  sy¬ 
stematic  error  whose  influence  can  be  estimated  by  the  scattering 
of  G  values  and  S  values. 

In  favorable  cases,  this  error  was  about  25$  for  the  o'  measure¬ 
ment  and  about  60 $  for  the  &r  measurement. 

A  possible  cause  for  the  field  distortions  was  the  immediate 
neighborhood  of  the  transmitter  (instruments).  Various  trans¬ 
mitting  antennas  were  compared  under  equal  conditions  (place 
and  time  of  measurement,  frequency),  with  the  transmitting 
device  being  set  up  differently.  The  P  test  yielded  no  sig¬ 
nificant  differences  between  the  different  antennas.  A  signi¬ 
ficant  difference  however  was  found  in  the  field  symmetry 
with  respect  to  the  line  connecting  transmitter  and  receiver. 

Since  a  long  and  straight  gallery  is  unlikely  to  produce  such 
an  unsymmetry  (transmitter  and  receiver  were  located  in  such 
a  gallery  at  visual  range),  there  remains  only  the  possibility 
that  a  geological  disturbance  causes  a  field  distortion.  In 
fact,  there  exists  such  a  disturbance  near  the  point  of  re¬ 
ception.  Sinoe  there  exists  no  theory  for  such  cases,  a  clear 
relation  between  a  geological  disturbance  and  field  distortion 
could  not  be  proved. 


4.4»  Conclusion 


It  was  shown  that  the  described  kind  of  measurements 
1,  permits  testing  of  the  electromagnetic  homogeneity  of  the 
region  surrounding  the  distance  transmitter  -  receiver, 
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2*  yields  mean  values  of  6*  and  <5r. 

The  accuracy  of  the  6  and  £-r  measurement  largely  depends 
on  how  far  there  actually  exists  homogeneity.  The  measure¬ 
ments  showed  that  this  assumption  can  he  refuted,  but  if  the  field 
is  not  too  much  distorted,  mean  values  of  and  £  with  a 
reasonable  error  can  be  obtained. 
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5.  PRELIMINARY  WORK  FOR  MEASURING  THE  ELECTRICAL  PRO¬ 
PERTIES  OF  ORES 


5.1.  Complex  electrical  conductivity  of  ores  at 
low  frequencies 


5.1.1.  Introduction 


This  report  reviews  in  brief  examinations  of  electrical 
properties  of  ores,  made  recently  by  various  German  and  American 
authors.  Current  studies  in  this  field  made  at  Innsbruck  are 
based  on  the  above  studies.  Within  the  framework  of  research  on 
the  propagation  of  electromagnetic  waves  through  rock  it  was  of 
interest  on  the  one  hand  to  give  values  for  the  electrical 
rock  parameters  (conductivity  and  dielectric  constant)  used  in 
theory,  and  on  the  other  hand,  compare  them  with  quantities  de¬ 
rived  from  values  of  field  strength  measurements  and  field 
structure  examinations.  Furthermore  it  is  of  great  interest  for 
geoelectric  prospection  to  obtain  accurate  information  on  the 
electrical  properties  of  certain  sulfide  ores  and  their  complex 
dependence  on  various  factors. 


5.1.2.  Conductivity  and  apparent  dielectric  constant  of  water- 
saturated  rook 


0.  Worz  [19]  at  first  made  d-c  conductivity  measure¬ 
ments  on  solid  rock,  using  a  Wenner  electrode  arrangement.  The 
work  comprising  also  drill  cores  was  continued  by  H.  Wobking  [8j 
at  frequencies  ranging  from  J>0  Hz  to  300  kHz.  He  especially  studied 
the  influence  of  the  pore  water  on  the  frequency  dependence  of 
conductivity  and  dielectric  constant.  The  rock  samples  were  cut 


tatUtMWM 


5(j£r«?9 »;•>«( »'  ”■<  CJc  -S',  kWitjf ‘-/a 1<V? »v>» r»i^ ^ ‘  — >3->N”^'  -v>v‘x»x  r  x  *  ’4J5  '  *  »  *■*>*  »  •'j'-^r  '  W  * 


-59- 


off  from  drill  cores  in  the  form  of  thin  disks  and  studied  as  a‘ 

lossy  dielectric  in  a  plate  capacitor  at  different  degrees  of 

water  saturation.  A  capacitance  bridge  was  used  for  determining 

the  parallel  capacitance  and  parallel  resistance  from  which  the 

apparent  dielectric  constant  and  the  specific  conductivity  were 

calculated.  As  expected,  both  quantities  were  found  to  depend 

largely  on  frequency.  The  parallel  capacitance  increased  rapidly 

5 

as  the  frequency  decreased  so  that  values  up  to  10  were  ob¬ 
tained  for  the  apparent  dielectric  constant  £  at  frequencies  of 
about  30  Hz.  The  specific  conductivity  increased  easily  with 
frequency.  These  dispersion  curves  were  taken  of  all  rock  samples 
at  several  degrees  of  saturation  and  thus  at  different  absolute 
water  contents  depending  on  the  porosity.  The  results  showed  that 
possible  characteristic  features  of  the  individual  kinds  of  rock 
are  superimposed  almost  completely  by  the  great  influence  of 
the  water  content. 

The  very  high  £  values  at  low  frequencies  were  explained 
by  the  theory  of  space  charge  polarization.  It  takes  into  account 
the  fact  that  ions  providing  charge  transportation  in  the  pore 
liquid  have  to  overcome  a  potential  threshold  on  the  metal 
electrodes  when  transferring  their  charge.  The  resulting  local 
accumulation  of  ions  in  front  of  the  electrodes  causes  a  fre¬ 
quency-dependent  space  charge  polarization  simulating  a  high 
dielectric  constant  of  the  rock.  The  assumption  of  space  charge 
polarization  in  the  immediate  electrode  neighborhood  originally 
was  developed  for  liquid  electrolytes  by  Jaffe  [_28]  .  Wobking 
extended  the  theory  calculated  by  Priauf  \j-S\  to  the  pore 
water  -  rock  system.  Fcr  this  purpose  an  equivalent  circuit 
diagram  was  chosen  by  which  it  is  attempted  to  explain  the 
s  easured  values  by  the  combined  effect  of  a  barrier  on  the  elec¬ 
trode  -  pore  water  interface,  the  pore  water  itself  and  the 
contribution  of  dry  T’onk- 
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Schematic  representa¬ 
tion  of  a  water-satu¬ 
rated  rock  sample  in  a 
plate  capacitor 


equivalent  cir-  measured  quantities 

cuit  diagram 

Rg  =  rock  resistivity 

Cq  =  capacitance  of 
dry  rock 


C^-  =  barrier  capacitance 

Rs  =  bariier  resistivity 

=  capacitance  of  pore 
*  water 


R^  =  water  resistivity 


The  frequency  at  which  the  space  charge  zone  in  front  of  the 
electrodes  is  built  up  and  breaks  down  in  "resonance",  is 
called  relaxation  frequency.  In  this  region,  which  according 
to  the  theory  used  in  {^8j  lies  below  50  Hz,  the  dispersion 
curves  of  the  dielectric  constants  should  show  their  greatest 
gradient.  Because  of  the  restriction  to  frequencies  >  5°  Hz  (due 
to  technical  reasons)  the  relaxation  frequency  in  most  cases 
could  not  be  clearly  proved.  Yet  the  empirically  obtained  law 
for  the  conductivity  of  water-saturated  rock 

=  B  •  f A 


could  be  explained  by  space  charge  polarization  as  well  as  the 
dependence  of  the  quantities  A  and  B  on  the  water  content  and 
the  geometrical  shape  of  the  pore  channels.  Although  agreement 
of  the  frequency  curves  of  conductivity  and  parallel  capacitance 
with  the  theoretically  assumed  trend  usually  is  only  qualitative, 
the  theory  modified  for  the  rock  samples  yet  can  give  a  general 
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explanation  of  the  effects  that  occur  with  the  measuring 
arrangement  used.  Certainly,  the  schematic  division  into  two 
independent  current  paths,  dry  rock  body  and  pore  water,  is  not 
admissible,  since  ion  absorption  and  ion  exchange  between  rock 
and  pore  water  ought  to  be  taker,  into  account  too. 

5  ol.3.  The  electrical  behavior  of  ores 

The  studies  commenced  in  1968  in  the  geophysical  field 
of  the  VLP  project  work  are  mainly  dedicated  to  the  electrical 
behavior  of  rock  containing  ore.  Rock  containing  metallically 
conductive  ore  particles  besides  the  electrolytically  conductive 
pore  water  exhibits  effects  on  all  ore  particle/pore  liquid  inter¬ 
faces  that  correspond  to  electrode  polarization  when  current 
flows.  The  electrolytical  potential  differences  which  exist 
between  ore  grains  and  pore  water  already  without  any  current, 
are  displaced  when  an  external  field  is  applied.  Generally,  the 
changes  that  occur  in  the  negative  or  positive  areas  are  opposite, 
the  ore  particles  therefore  appear  to  be  polarized.  Polarization 
is  caused  by  the  flow  of  current  and  is  therefore  called  "gal¬ 
vanically  induced  polarization".  It  is  not  quite  clear  how  the 
polarization  voltages  occurj  there  exist  several  types  having 
different  causes.  Essentially,  however,  they  depend  on  the  type 
of  pore  liquid,  on  the  ore  and  the  local  current  density.  The 
formation  and  decrease  of  polarization  voltages  show  a  certain 
displacement  in  time  with  respect  to  the  amplitude  of  current 
density.  Macroscopically ,  induced  polarization  therefore  can  be 
observed  in  two  ways:  After  switching  off  a  current  impulse,  there 
still  exists  a  residual  voltage  between  two  points  of  the  rock, 
which  drops  down  to  zero  within  several  seconds.  Its  shape^  can 
be  made  visible,  e.g.,  on  an  oscilloscope  screen.  Furthermore, 
a  frequency-dependent  complex  conductivity  is  caused  by  electro- 


chemical  energy  accumulation  m  a  metallically  mineralized 
zone  when  using  a-c.  Because  of  the  large  time  constants  of  electro 
chemical  processes,  the  region  of  maximum  dispersion  is  to  be 
expected  at  very  low  frequencies# 

According  to  the  two  types  of  induced  polarization, 
various  quantities  are  calculated  for  characterizing  rock  that 
contains  metals.  When  using  d-c  impulses,  the  decreasing  residual 
voltage  is  measured  at  certain  moments  in  the  current  breaks,  and 
compared  with  the  voltage  applied  externally.  The  ratio  is  then 
given  in  mv/volt  or  in  mv,  sec/volt,  when  integrating  the  drop 
voltage  over  a  long  period  of  time.  The  effective  interfacial 
capacitance  and  the  mean  conductivity  can  be  determined  from 

the  resulting  time  constants. 

.  "  * 

The  second  possibility  lies  in  plotting  the  frequency 
curves  of  complex  conductivity,  with  the  real  part  and  imaginary 
part  or  only  the  phase  angle  being  measured.  The  quantity  of 
polarization  owing  to  metal  orification  is  expressed  by  the  in¬ 
crease  of  conductivity  in  percents  at  a  certain  frequency  as 
compared  to  the  d-c  value.  It  is  called  "frequency  effect"; 


frequency  effect  = 


Z(DC)  -  Z(AC. 


Z(DC)  =  d-c  resistivity 
Z(AC)  -  a-c  resistivity 

For  the  attempt  of  explaining  theoretically  the  frequency  curves 
of  complex  conductivity,  schematic  simplifications  for  the 
rock  must  be  found  and  the  respective  electrical  equivalent 
circuits.  It  is  then  possible  to  convert  the  values  obtained 
from  the  time  trend  of  the  polarization  voltage  into  quantities 
of  the  frequency  behavior  by  means  of  a  Fourier  transformation. 
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Schematic  'representation  and  equivalent  circuit  diagram  according 

to  Madden  and  Marshall  [32J  . 


This  diagram  is  based  on  the  assumption  that  an  ore  sample 
contains  channels  that  may  go  right  through  and  are  filled  with 
pore  liquid,  others  being  interrupted  by  ore  minerals.  Pores 
that  are  completely  blocked  up  by  electron  conductors  represent 
a  so-called  "Warburg"  impedance  [35]]  owing  to  an  electrochemical 
ion  accumulation  .  Since  an  ion  excess  is  compensated  only  by 

-1/2 

diffusion,  such  impedances  show  a  frequency  dependence  of  'vf  '  , 
Rock  which  consists  mainly  of  mineral  grains  contains  mainly 
pore  channels  in  which  only  part  of  the  wall  is  formed  by 
metallic  minerals.  Such  combined  current  paths  according  to 
Madden  and  Cantwell  [36]  show  a  frequency  dependence  of  ~f . 
Under  certain  restrictive  assumptions  that  3eem  to  be  justified 
by  numerous  measurements,  these  authors  obtain  the  simplified 
formula cf  "frequency  effect" 


frequency  effect  ^ 


R  1/4 
_2  f 
Zm 


1 


m 

in  which  Rq  is  the  resistance  of  the  pure  ion  paths,  f  is  the 
measuring  frequency  and  Z the  electrochemioally  caused  resistance 
of  the  blockeu-up  pores.  In  some  cases,  the  frequency  behavior 
of  induced  polarization  could  be  represented  by  means  of  the 
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above  formula  down  to  frequencies  of  0,1  Hz.  An  essential  part 
apparently  is  played  by  the  ratio  of  the  impedances  of  current 
paths  having  pure  ion  conduction  and  those  with  a  combined 
ion/electron  conduction.  The  polarization  effect  caused  by  a 
certain  part  of  volume  of  polarizable  ore  particles,  thus  entire¬ 
ly  depends  on  their  grain  size  and  geometrical  distribution 
within  the  pore  volume.  The  insufficient  consideration  of  this 
fact  by  the  simple  model  is  possibly  one  reason  why  it 
failed  at  low  frequencies.  Sven  if  the  model  is  used  for  ex¬ 
plaining  the  time  trend  of  the  induced  residual  voltage,  con¬ 
siderable  differences  are  found  with  respect  to  the  assumed 
value,  if  the  voltage  is  measured  some  time  after  the  exciting 
current  impulse  (this  corresponds  to  lower  frequencies). 

Collet  \j>l\  in  his  experiments  with  artificial  Samples  found 
good  agreement  with  small  ore  grains  and  considerable  deviations 
in  large  ore  grains.  The  used  voltage,  however,  was  so  high 
that  the  electrochemical  processes  certainly  were  outside  the 
linearity  region. 

Ores  that  show  induced  polarization,  have  about  the 
same  behavior  during  impedance  measurements  in  a  measuring 
capacitor  as  a  dielectric  with  an  extremely  high  dielectric 
constant.  Polarization  effects,  however,  occur  at  frequencies 
that  are  much  too  low  for  normal  dielectric  displacement  currents. 
The  expression  "dielectric  constant"  therefore  is  slightly  mis¬ 
leading  since  it  suggests  unusual  dielectric  phenomena.  Actu¬ 
ally,  the  high  values  (order  of  magnitude  of  100  uP/cm!  )  for 
the  capacitances  used  in  the  equivalent  circuit  diagrams  are  due 
to  the  extremely  low  thickness  of  the  electrochemical  double 
layer. 
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5 o 1  * 4 »  Application  of  induced  polarization  in  geological  pro¬ 
spection 

Tbs  effect  of  galvanically  induced  polarization  for 
some  time  has  been  used  in  applied  geophysics  for  prospecting 
sulfide  ores  [j>oJ  ,  jj5lJ  j  since  it  might  permit  the  distinction 
between  highly  conductive  humid  soils  (disturbing  inclusions  in 
pure  resistivity  prospection)  and  highly  conductive  ore  zones. 
Difficulties  arise,  however,  by  the  fact  that  induced  polari¬ 
zation  is  caused  not.  only  -by  'el.ecttobhemical  energy- storage- 
-on  electrolyteymetal  .interfaces, but  also  by  mechanical  (:st'ream- 
ing  potentials),  thermal  and  electromagnetic  storage,  being 
expressed  also  in  the  existence  of  residual  voltages  after 
current  has  been  switched  off.  Theoretical  considerations 
by  D.J.  Marshall  and  T.R.  Madden  \j>2\  >  however,  showed  that  in 
rock  only  electrode  polarization  and  membrane  polarization  con¬ 
tribute  noticeably  to  galvanically  induced  polarization.  Electrode 
polarization  in  the  described  way  would  suggest  ore  deposit^, 
whereas  the  socalled  membrane  polarization  occurs  always  when 
there  are  adjacent  zones  of  mean  transport  numbers  that  are 
different  for  cations  and  anions  in  one  rock  complex.  Almost  all 
rccKS  absorb  negative  ions  on  their  area  of  contact  with  pore 
liquid.  Hence,  there  occurs  an  increased  concentration  of  po¬ 
sitive  ions  in  a  thin  boundary  layer.  If  the  diameter  of  pore 
channels  has  the  order  of  magnitude  of  the  boundary  layer  thick¬ 
ness,  the  entire  current  is  carried  almost  completely  by  positive 
ions.  Polarization  effects  however  occur  only  if  such  selective 
zones  and  opposite  or  neutral  zones  alternate  with  each  other. 

These  conditions  can  be  found  anywhere  in  nature,  e.g.,  in  loamy 
sand  (large  pore  spaces  between  the  sand  grains,  small  pores 
in  loam).  Detailed  examinations  of  membrane  polarization  during 
prospection  for  ground  water  were  conducted  by  R.H.  Prische  et  al  £ 
and  V0  V aoquier  et  ° l •  (J54J  • 
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5.1.5*  Theory  of  induced  polarization  by  W.  Buchheim 

Complex  conductivity  of  a  rock  sample  that  contains 
finely  distributed  metallic  inclusions,  can  be  derived  theoretic¬ 
ally  by  still  another  method.  W.  Buchheim  jj58j  and  I.R.  Wait 
were  the  first  to  describe  this  theory  which  shall  now  be  given 
in  detail.  Since  in  this  theory  the  influence  of  the  grain  size 
and  the  volume  portion  of  the  ore  grains  is  clearly  demonstrated, 
we  are  going  to  compare  it  with  the  results  of  our  own  current 
experiments  on  artificial  samples. 

A  suspension  of  metallically  conductive  spheres  in  an 
electrolytioally  conductive  surrounding  is  used  as  a  model. 

p.  [Qm]  specific  resistivity  of 
1  the  spheres 

specific  resistivity  of  the 
elec  trolyte 

radius  of  the  spheres 

transition  resistivity  of 
the  unit  area 

polarization  capacitance  of 
2  the  unit  area 
j  [am~  J  current  density 

According  to  Buchheim  [jl] ,  there  exists  the  following  po¬ 
tential  difference  transversal  to  the  electrolyte  -  ore  sphere 
interface  if  the  current  density  is  sufficiently  small: 

V(t)  =  Vo  +  rQj(t)  +  J  j (t ' ) «N(t-t 1 )dt ' 

^  ~oo 

where  V  is  the  potential  difference  between  the  metal  and  the 
electrolyte  which  exists  always  even  without  current  flow.  (Nernst). 
The  term  rQo(t)  stands  for  the  "resistance  polarization",  being  a 
purely  ohmic  voltage  drop  owing  to  the  poorly  conductive  boundary 


Pa  M 

a  Qn] 
rQ  [Qm*] 

Cp  M 
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,vt-r  (oxide  film,  discharge  inhibition)  at  the  ore  grain  surface. 
The  integral  term  contains  all  the  other  kinds  of  polarization 
such  as  concentration  polarization,  activation  polarization  etc, 
in  s.  phenomenological  manner.  The  residual  induction  factor 
N(fc-t')  describes  the  fact  that  after  a  current  impulse,  the 
polarization  voltage  gradually  decreases  to  zero,  i.e.,  that 
a  charge  element  j  dt  has  less  influence  the  further  back  it 
lies.  Its  accurate  time  function  is  not  known  in  detail,  it 
however  depends  on  the  number  and  kind  of  reactions  that  take 
place  in  the  electrochemical  boundary  layer.  Mathematically,  it 
must  have  the  following  properties: 


N(O)  =1  |f  <  0 


lim  N(t)  =  0 
T>eo 


Esperiments  by  I.  Schrage  [39]  showed  only  that  the  residual 
induction  cannot  be  described  by  the  simple  formulation  of 

N(t)  =  const.  e~^T 


A  more  general  form  would  be 

TT"  N(t)  -51  e-'H1 


where  the  quantities  Cp  and  /V  represent  the  capacitances  and 
drop  constants  characteristic  of  the  individual  types  of 
polarization. 

From  the  boundary  conditions,  steadiness  of  the  normal 
components  of  the  current  and  potential  drop,  Buchheim  [38] 
calculated  the  electric  moment  'which  such  a' 
polarized  sphere  assumes  in  a  sinusoidal  alternating  field 
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If  we  compare  it  with  the  electric  moment  of  a  non-polarizable 
sphere, 


m 


io)  t 

a  E  e 
o 


?a  ~  ?i 
fa  +  2?i 


the  galvanically  polarized  sphere  can  be  attributed  the 
effective,  complex,  specific  internal  resistance 


OO 


According  to  Maxwell's  considerations  |^43j  the  effective  mean 

—  jf  /  3 

specific  resistivity  y  of  a  suspension  that  consists  of  n  /cm 

polarizable  spheres,  is  obtained  by  putting  the  electric  moment 
of  an  assumed  Bphere  cut  out  of  a  suspension  equal  to  a  homo¬ 
geneous  sphere  of  the  same  size  which  has  exactly  the  desired 
specific  resistivity  p,  It  must,  however,  be  taken  into  con¬ 
sideration  that  the  individual  dipoles  affect  each  other  when 
the  volume  portion  of  the  ore  particle  increases.  Then  not  the 
outer  field  Eq  acts  upon  each  sphere,  but  the  field 


E 


E„  H-f 
o  3 


P  =  E_ 


,4n  *3?a“-Pi  „ 
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owing  to  polarization  of  the  neighboring  spheres.  The  mean, 
effective,  specific  resistivity  of  the  suspension  is  thus  ob¬ 
tained  from  the  dipole  moment 


suspension 


with 


*  3  f*a  "  f*i 

3  n  a  - # 

Pa  +  2?i 

3-  -  f  nV 

Pa  +  2fJ 


„  iu)t  .3  Pa  “  9 

Eoe  =  A  *  m 


— - —  E  e 

pa  +  2p  o 


?  =  Pi 


pa(l  -  2v)  +  f*(2  +  2v) 


+  v)  +  p¥( 


where  v  =  n*  (volume  of  ore  particles  per  cm^).  The  latter 

formula  according  to  the  described  theory  holds  for  the  model 
cf  a  rock  whose  pore  space  contains  an  electrolyte  with  the 
specific  resistivity  p&  and  in  which  metallically  conductive 
ore  particles  are  regularly  distributed.  In  natural  ore,  the 
particles  hardly  ever  occur  in  spherical  shape.  R.  Rosier  [4l] 
therefore  extended  Buchheim's  theory  to  rotation  elliptic 
grains  by  developing  the  polarization  potentials  by  the  harmonic 
functions  of  the  elongated,  split-off  rotation  ellipsoid.  In 
the  limiting  case,  needle  shaped  and  disk-like  grains  are 
also  comprised.  Rosier  found  out  that  for  each  shape  and 
orientation  of  ore  particles  with  respect  to  the  outer  field, 
an  equivalent  suspension  of  spheres  can  be  given  which  has  the 
same  mean  specific  resistivity  as  the  suspension  of  rotation 
elliptic  particles o 
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5.1.6,  Experiments  on  artificial  ore  samples 

Naturally,  the  assumption  of  a  suspension  of  polarizable 
particles  in  an  electrolyte, on  which  theory  is  based,  repre¬ 
sents  only  a  partial  approximation  to  natural  impregnation  ores 
but  as  experiments  by  W.  Anders  [4OJ  showed,  at  least  some 
effects  of  induced  polarization  can  be  made  understood.  In 
order  to  be  able  to  interpret  results  of  measurements  made 
on  natural  ore  samples,  e.g.,  drill  cores  or  field  measurements 
it  is  necessary  to  check  the  validity  region  of  the  model 
assumption  on  natural  samples.  For  this  purpose,  artificial 
samples  must  be  used,  since  here  parameters  such  as: 

specific  resistivity  of  the  pore  liquid 
pore  volume 
portion  of  ore  volume 
grain  size  of  ore  and  gangue  minerals 
can  be  changed  in  a  defined  way.  Thus,  the  values  for  tq, 
and  N(t)  can  be  obtained  and  statements  can  be  made  on  the 
grain  size  and  portion  of  volume  of  unknown  samples.  The  rock 
model  used  by  W.  Anders  [40]  ,  a  liquid  mixture  of  sand,  sul¬ 
furic  acid  and  galena  grains  satisfied  the  model  assumption 
fairly  well,  but  does  not  coincide  '.with  the  geometry  of  natural 
rock.  We  shall  therefore  examine  artificial  ore  samples  that 
permit  variation  of  parameters  occurring  in  theory,  but  are 
much  closer  to  natural  ore-containing  rock.  Samples  that  meet 
these  requirements,  are  made  of  concrete,  dolomite  or  quartz 
sand  and  ore  grains  of  varying  size.  The  resulting  solid 
rock  structure  has  an  accurately  defined  porosity  containing 
ore  particles  of  known  grain  size  in  various  portions  of 
volume.  The  porosity  and  thus  the  ratio  between  electrolytic 
current  paths  and  metallic  conductors  is  affected  by  the 
choice  of  the  water-cement  factor  and  the  size  of  sand  grains. 
The  ore  we  chose  first  was  copper  pyrite  CuFeS2>  since  there 
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exist  plenty  of  natural  samples  of  this  ore,  with  which  the 
artificial  samples  can  be  compared.  At  the  same  time,  various 
a-c  conductivity  measurements  are  made  in  drill  holes  by  me¬ 
thods  that  shall  be  used  in  the  copper  mine  of  Mitterberg, 
Salzburg.  Further  experiments  are  scheduled  for  samples  con¬ 
taining  galena  PbS,  and  zinc  blende  ZnS. 

The  time  constant  of  the  electrochemical  processes  on 
the  phase  boundaries  of  water  and  ore  lie  partly  in  the  order 
of  seconds.  Hence,  impedance  measurements  shall  be  made  at 
frequencies  of  down  to  0,01  Hz.  For  the  frequency  range  of 
30  Hz  -  300  kHz,  an  impedance  bridge  (General  Radio)  is 
available  whose  measuring  range  had  to  be  extended  up  to 
10  mhos  by  a  conductance  decade,  because  of  the  high  ore 
conductivitv.  Frequencies  <  30  Hz  require  the  construction 
of  a  new  bridge  arrangement  permitting  the  measurement  of 
impedances  with  real  parts  of  up  to  10  mhos  and  imaginary 
parts  of  up  to  1000  y.F  at  frequencies  ranging  from  0,01  Hz 
to  1  kHz.  The  artificial  ore  samples  of  the  above-mentioned 
composition  are  made  in  the  form  of  thin  disks  and  are  then 
studied  in  the  measuring  capacitor  described  in  [19J  •  The 
frequency  behavior  of  liquids  used  for  filling  up  the  pore 
space,  is  determined  in  a  specially  constructed  measuring  cell 
that  permits  a  continuous  change  of  electrode  spacing  and 
the  use  of  various  electrode  materials. 

At  present,  the  number  of  measurements  is  too  small 
as  to  justify  the  report  on  details  of- the  experiments  and 
their  results  at  this  moment. 


5.2.  Construction  of  an  electrode 


When  determining  the  electrical  conductivity  of  rock  in 
drill  holes,  certain  difficulties  of  contacting  arose  which 
required  the  observation  of  various  conditions.  The  contact  area 
on  the  wall  of  the  drill  hole  should  be  as  small  as  possible  so 
that  a  high  specific  pressure  per  unit  area  is  attained  which 
makes  it  possible  that  pollutions  on  the  surface  to  be  con¬ 
tacted  can  be  pushed  through  as  the  device  with  the  electrodes 
advances.  The  pressure  per  unit  area  must  be  variable  so 
that  the  probe  can  be  advanced  also  at  places  where  the  sur¬ 
face  is  very  rough  and  where  the  wall  of  the  drill  hole  is 
broken  out.  or  has  small  cavities.  In  order  to  obtain  a  de¬ 
finite  point  of  contact,  only  the  part  used  for  contacting  may 
have  voltage,  all  other  parts  of  the  mechanism  must  be  insulated 
For  the  case  of  a  possible  failure  of  power  for  the  required 
pressure,  the  probe  must  assume  automatically  its  minimum 
diameter  so  that  it  can  be  saved.  It  must  be  constructed  so 
that  it  does  not  catch  on  wall  protrusions  or  get  stuck  on 
the  way.  Naturally,  the  probe  must  have  a  certain  mechanical 
strength,  being  unaffected  by  humidity,  pollution  and  rough 
handling. 

In  order  to  meet  these  requirements  it  is  recommended 
that  compressed  air  should  be  used  for  operating  the  probe.  It 
is  available  in  almost  any  mine,  dosage  is  easy,  and  being 
fed  through  a  sufficiently  dimensioned  hose,  it  may  be  simul¬ 
taneously  used  for  moving  the  probe.  Experience  we  gathered 
during  measurements  with  various  test  probes  in  Bleiberg,  Karnte 
in  fall  1967 ,  was  utilized  for  developing  and  designing  a 
new  device  last  summer.  In  this  device,  all  mobile  parts  except 
for  the  electrodes  are  inside  metal  cylinders.  The  diameter 
of  the  instrument  was  reduced  to  a  minimum  as  to  permit  measure- 


merits  also  in  drill  holes  of  small  size. 

On  the  whole,  the  probe  consists  of  two  cylinders  that 
can  be  moved  on  a  supporting  tube.  Between  their  front  surfaces 
tnat  face  each  other,  there  are  six  flat  bands  mounted 
symmetrically  and  parallel  to  the  longitudinal  axis.  If  the 
cylinders  approach  each  other,  the  flat  bands  bend  outwardly, 
contacting  the  wall  of  the  drill  hole. 

Pig.  5.1  shows  a  section  through  such  a  cylinder.  A 
brass  tube  -B-  35  mm  ir*  diameter  and  with  a  wall  thickness  of 
2  mm  is  firmly  connected  with  the  front  end  pice  -P-  and  the 
i  ear  end  pice  -H-.  Piston  -K-  is  mounted  firmly  on  the 
supporting  tube,  being  sealed  off  with  a  leather  sleeve  -L  1- 
v/hich  is  held  and  centered  by  a  brass  ring  -C-.  The  parts  G,  H 
and  K  are  made  of  insulating  plastic.  Compressed  air  can 
be  filled  into  the  space  between  the  piston  -K-  and  the 
front  end  pice  -P-  through  holes  in  the  supporting  tube,  thus 
moving  the  cylinder  toward  the  front  end  piece.  Current  supply 
also  goes  through  this  tube  with  an  insulated  cable  -D-  which 
enters  the  cylinder  space  through  one  of  the  air  holes,  con¬ 
tacting  one  of  the  longitudinal  screws.  These  screws  hold  the 
hexagonal  band  electrode  carrier  -G-  (made  of  brass)  on  part  -F-, 
pressing  at  the  same  time  the  sealing  sleeve  -L  2-  against  the 
supporting  tube  by  means  cf  a  ring  -E-.  The  rear  end  pice  -H- 
runs  on  a  cylinder  -I-  which  is  mounted  adjustably  on  the 
supporting  tube,  having  a  disk  -J-  on  its  inner  front  face  by 
which  part  -K-  is  stopped  during  the  working  stroke.  The  bridge 
-A-  connected  with  -I-  runs  in  a  groove  cut  into  so  that 
the  cylinder  cannot  be  twisted  with  respect  to  the  supporting 
tube.  The  six  spring  plates  -M-  which  are  used  for  contacting, 
are  screwed  on  the  carrier  -G-  and  can  easily  be  exchanged, 
inside  the  spring  plates  there  lies  a  compression  spiral  spring 
which  brings  the  cylinders  back  into  their  original  position 
when  there  is  no  compressed  air  pressure.  A  distance  piece  in 
the  middle  between  the  two  cylinders  stops  the  spring  plates  from 
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bending  inward. 

There  are  threads  on  either  side  of  the  supporting  tube. 
On  one  side  a  connecting  piece  can  be  put  on  by  which  the 
electric  cables  are  tightly  guided  into  the  tube  and  which 
carries  a  connection  for  the  compressed  air  tube.  The  other 
side  oan  either  be  sealed  with  a  cap  nut  or  another  such  probe 
system  can  be  .connected,  thus  forming  a  second  contacting 
plane.  The  cable  for  the  second  system  up  to  the  inlet  piece 
runs  also  inside  the  supporting  tube.  The  distance  between 
the  two  probes  can  be  varied  by  intermediate  tubes  of  adequate 
length. 
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6.  FIELD  STRENGTH  RECORDINGS 


The  field  strengths  of  NAA  and  GBR  were  recorded  con¬ 
tinuously  above  ground  at  the  Aldrans  station  near  Innsbruck 
and  below  ground  with  interruptions  in  the  mine  of  GroBkogl, 
end  of  Sudostschlag.  The  recordings  on  a  multicolor  dotted  line 
strip  chart  recorder  so  far  have  been  made  in  linear  amplitude 
scale.  An  evaluation  is  very  time  consuming  especially  when 
mean  values  are  to  be  taken  over  large  periods  of  time  and  when 
comparing  various  records.  It  is  practically  impossible  to 
study  the  collected  material  with  the  desired  thoroughness,  for 
example  with  respect  to  seasonal  or  climatic  influences  by  means 
of  statistical  methods.  Preparations  have  therefore  been  made 
to  proceed  to  logarithmic  representation. 

An  estimation  of  the  existing  records  showed  that  a 
span  of  about  30  dB  f.s.  would  be  the  most  suitable  compromise 
between  resolution  and  necessary  range  reserve.  For  this  com¬ 
paratively  small  range  it  proved  favorable  not  to  utilize  the 
usually  applied  logarithmic  relation  between  reverse  current  and 
voltage  of  a  pn-junction  as  a  logarithmic  element,  but  to  use 
selected  diodes  in  the  forward  direction.  However,  the  relation 
between  forward  current  and  forward  voltage  is  strictly  lo¬ 
garithmic  only  in  a  much  smaller  range,  namely  no  more  than 
40  -  50  dB  as  compared  to  an  exactly  logarithmic  region  of  up. 
to  100  dB  with  special  logarithmic  diodes  in  off-direction.  The 
useful  on  range  lies  at  currents  of  about  10~^  to  10”^  a,  thus 
being  highly  favorable  for  use  in  transistorized  circuits.  This 
is  especially  true  with  respect  to  the  impairing  climatic 
conditions  under  which  the  instruments  operate  at  times. 

Here,  instead  of  the  temperature  dependence  of  the  reverse 
current,  on  the  whole  we  have  that  of  the  forward  voltage,  i.e., 
practically  that  of  diffusion  voltage  of  the  junction.  The 
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which  is  much  less  subject  to  exemplary  variations,  changes 
practically  linear  with  temperature  in  the  temperature  range 
of  interest,  yielding  much  simpler  possibilities  of  temperature 
compensated  circuits.  The  developed  circuit  despite  its  striking 
simplicity  has  a  conformity  and  constancy  that  is  higher  than 
fractions  of  a  dB,  There  exists  an  unavoidable  deviation  from 
linear  response  in  the  existing  dotted  line  strip  chart  re¬ 
corders  because  of  the  tangent  errors,  as  well  as  in  continuous 
line  recorders  despite  the  elliptic  pen  guide  system.  As  this 
deviation  is  noticeable  especially  when  comparing  continous 
line  and  dotted  line  recorders,  an  improvement  of  the  circuit 
properties  would  not  be  highly  ad'*'? ntageous .  However,  in  the 
medium  recording  range,  the  a -curacy  of  direct  comparison 
is  still  better  than  1  dB,  even  when  comparing  the  records  of 
various  recorders. 

The  hitherto  used  method  of  amplitude  measurement 
of  keyed  signals  by  means  of  peak  rectification  and  carefully 
tested  rise  time  and  fall  time  constants  shows  a  satisfactory 
amplitude  response  when  keying  is  changed  (especially  -  F^). 
When  comparisons  at  the  same  geographical  location  are  made, 
it  also  shows  an  apparently  sufficient  independence  of  various 
noise  levels.  A  detailed  examination,  however,  showed  that 
there  occur  inadmissible  deviations  when  there  are  differences 
in  the  signal-to-noise  ratio  which  is  the  case  especially  when 
records  above  ground  and  below  ground  are  made  and  compared. 
Intensive  studies  for  improvement  have  therefore  been  made. 

The  obtained  solution  shall  be  published  in  the  near  future  in 
a  separate  Scientific  Report.  It  brings  a  considerable  improve¬ 
ment  especially  when  the  noise  shows  high  peaks  frequently 
caused  by  atmospherics  and  by  nearby  man  made  interference. 

It  is  based  on  the  following  principle:  The  signal  is  being 
rectified  in  a  peak  rectifier  whose  rise  time  is  snort  enough 
as  to  reach  full  charge  within  the  time  period  of  one  Morse  dot. 
The  fall  time  has  been  chosen  so  that  the  breaks  between  the 
dots  are  bridged  without  great  voltage  drops.  The  voltage  on 
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the  charging  capacitor  is  then  at  least  as  high  as  the  peak 
^oltage  of  the  signal*  It  is  superimposed  by  sporadic  peaks  of 
the  noise  which  have  different  abundance  and  amplitude.  Another 
inversely  poled  diode  which  is  connected  via  an  impedance  trans¬ 
former,  scans  the  voltage  minimum  of  the  peak  rectifier-.,  which 
corresponds  to  the  signal  voltage  and  is  independent  of 
the  number  and  height  of  noise  pulses.  The  time  constant  of  the 
second  rectifier  may  be  a  multiple  of  that  of  the  signal 
rectifier  and  can  be  chosen  at  optimum  for  the  used  recorder  • 

The  used  ferrite  antennas  were  made  even  less  sensitize 
to  nearby  interference  by  careful  balancing,  especially  with  the 
use  of  bifilar  windings.  A  separate  examination  on  the  attainable 
basic  limiting  sensitivity  of  magnetic  pick-ups  connected  to  ‘ 
different  amplifiers  was  made  and  will  be  described  in  a  Scienti¬ 
fic  Report.  The  result  permits  the  following  conclusions:  for 
measuring  the  field  strength  of  our  own  or  of  alien  transmitters, 
the  field  strength  of  the  expecced  noise  above  ground  is  always 
(and  below  ground  almost  always)  so  high  that  it  induces  a 
voltage  that  lies  far  above  the  noise  of  a  carefully  constructed 
input  stage.  If,  however,  the  noise  field  intensity  itself  is  to 
be  studied,  it  will  be  necessary  to  utilize  the  limiting  sensitivity 
as  much  as  possible.  Based  on  available  active  components  for  the 
input  stage  and  ferrite  rods  for  the  antenna,  we  get  clear 
conditions  for  optimizing  the  antenna  winding  and  the  transformer. 
Since  the  distinct  directivity  of  the  ferrite  rod  antenna  has  a 
disturbing  effect  on  some  experiments,  the  suitability  of  a 
short  electric  dipole  was  studied  with  respect  to  the  noise. 
Surprisingly  enought,  its  theoretical  limiting  sensitivity  is 
almost  two  powers  of  ten  better,  proceeding  again  from  materializable 
techniques.  In  practical  use,  however,  it  cannot  be  utilized, 
since  there  are  too  many  .mab,*m£ deu  ’  interferences  in  the  near 
region  at  VLP  wavelengths  which  at  the  point  of  reception  are 
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received  mainly  in  the  form  of  electric  noise  field  strengths* 
The  equivalence  between  magnetic  field  strength  and  electric 
field  strength  .in  wave  propagation  described  by  the  characte¬ 
ristic  impedance  of  the  vacuum  (or  air)  holds  only  for  remote 
sotirces,  i.e,,  for  an  almost  plane  wave  and  propagation  through 
air. 

For  measuring  the  field  strength  and  field  direction 
of  the  incident  waves  from  remote  source,  depending  on  the  point 
below  ground,  a  fully  transistorized  portable  receiver  was  built 
which'  is  equipped  with  a  single-track  line  recorder  ana  all 
necessary  devices  such  as  BFO  and  calibration  generator.  It  also 
permits  to  make  an  exact  time  comparison  of  fi^ld  strength 
fluctuations  against  records  from  an  above  ground  station. 
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7.  WHAT  HAPPENED  IN  1968  ? 


This  is  to  give  a  brief  chronological  review  of 
events  and  work  of  the  project  year  of  1968  not  included  in  the 
scientific  part  of  the  present  report,, 

At  the  end  of  February,  Mr.  Norbert  N  e  s  s  1  e  r 
got  his  doctor's  degree  (Ph.D.).  The  subject  of  his  thesis 
was  "The  propagation  of  long  electromagnetic  waves  through 
homogeneous  and  inhomogeneous  solids". 

In  the  middle  of  March,  Dr.  Wolfram  Bitterlich, 
head  of  the  VLF  project,  made  hi3  habilitation  in  the  field  of 
electronics.  Besides  a  number  of  related  studies,  his  habili¬ 
tation  work  entitled  "Propagation  of  VLF  Waves  through  the 
interior  of  the  Earth"  was  published  in  Acta  Physica  Austriaca 
(26,  1967). 

Mr.  B  1  a  c'k.s  m  i  t  h  (AF0&L)  who  visited  us  in  the  middle  of 
March  for  discussing  the  project  work,  during  an  excursion  into 
the  mine  of  GroBkogi,  was  able  to  check  the  progress  of  our  studies. 

On  the  occasion  of  a  visit  to  Siemens  Halske  in 
Munich  by  our  co-workers  Dr.N.Nessler,W.  Kellner 
and  R.  L  u  k  a  v  e  c  ,  a  special  order  was  given  to  have  spe¬ 
cial  ferrite  cores  made  for  transmitter  output  stages  in  the 
LF-region.  They  were  delivered  completely  free  of  charge. 

R.  L  u  k  a  v  e  c  together  with  T.  E  1  s  t  e  r  gave 
an  interim  report  about  the  work  on  helical  antennas  in 
Scientific  Report  Nr.  6,  "Some  Properties  of  Helical  Antennas 
at  Low  Frequencies". 

In  Scientific  Report  Nr.  7  Pr.  N.  Nessler  re¬ 
ported  on  a  chapter  of  his  thesis:  "Measurement  of  the  conductivity 
and  dielectric  constant  by  means  of  wave  propagation".  For  test 
drilling  for  geoelectrical  examination,  comprehensive  prepara¬ 
tions  had  to  be  made  as  tc  adapt  the  geological  desires  to  the 
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technical  possibilities.  For  meeting  the  great  demand  for 
compressed  air  of  the  drilling  machine,  the  mine  compressor 
was  used  and  in  addition,  an  electrical  compressor  for  6  m^/min 
at  6  atm  plus  air  vessel  had  to  be  transported  into  the  mine 
where  it  was  connected.  This  device  was  lent  by  Messrs,  Innerebner 
u.  Mayer.  The  above  devices  were  supplemented  by  s  compressor 
(Diesel)  borrowed  from  Jenbacher  Werke. 

The  drill  work  was  performed  by  a  team  of  the  copper 
mine  of  Mitterberg  (Salzburg)  (core  drilling  47  nun  $  outside 
and  28  mm  core  0).  During  the  two  weeks  of  drilling,  our  team 
members  T.  E  1  s  t  e  r  and  Ghr.  Grissemann  were  of 
great  technical  help.  The  cable  from  the  transformer  to  the 
electric  compressor  (40  kw  motor l)  for  example  proved  too  weak 
and  had  to  be'  reinforced  (  4  x  25  mm2  ,  300  m  long,  borrowed  from 
TIWAG)  or  ,  another  example,  the  thick-walled  plastic  hoses  used 
for  compressed  air  withstood  a  pressure  of  6  atm.  only  at  low 
temperatures  so  that  a  large  radiator  had  to  be  built  in. 

Despite  the  numerous  difficulties,  a  total  of  76  m  core 
drilling  of  47  mm  $  was  attained. 

Dr.  R.  Steinmaurer,  Univ'.  Prof. and  head 
of  the  Physics  Institute,  and  Dr.  J  .  Kolb,  Univ.  Frof. 

(second  department  of  experimental  physics)  visited  us  during  the 
drilling  period  in  the  mine  of  GroBkogl  and  at  the  same  time  had 
a' look- at  the  new  transmitter,  above  all  the  new  underwater  antenna. 

For  conducting  measurements  in  the  drill  holes, 

Chr,  Grissemann  and  T.  E  1  s  t  e  r  designed  and 
constructed  special  probes,  the  technical  construction  and  me¬ 
chanical  work  being  made  by  Mr.  Els  ter. 

During  the  period  of  report,  Dr.  N,  Nessler 
started  again  studies  with  the  large  transmitting  antenna  SA  9. 

The  antenna,  size  40  x  40  m,  had  been  built  in  1964  and  had  not 
been  changed  since  then.  Careful  repair  work  was  therefore 
necessary.  The  insulators  had  to  be  cleaned,  some  of  them  re¬ 
placed.  This  work  was  very  hard,  especially  in  the  vertical  shafts. 
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The  use  of  new  high  quality  capacitors  for  tuning  to  resonance 
resulted  in  a  flash-over  at  the  humid  insulators,  thus  causing 
failures  and  time  consuming  repair  work. 

At  the  same  time,  high-stability  low-noise  antenna  pre¬ 
amplifiers  were  developed.  A  detailed  report  on  this  subject 
and  on  the  propagation  measurements  is  given  in  the  scientific 
part  of  the  present  report. 

On  30  ^uly,  Mr.  L.N.  M  0  1  n  a  r  and  Mr.  R.  W. 
Strickland  came  to  Innsbruck  (EOAR,  American  Embassy 
Brussels)  fo^  discussing  various  project  problems,  and  they  also 
had  a  look  on  our  work  in  the  mine.  Mr.  P,  Wilke 
visited  us  on  1  October, 

In  the  middle  of  September,  W.  Kellner  and 
R.  Lukavec  attended  the  1968  IEEE  International  Antennas 
and  Propagation  Symposium  and  1968  Fall-URSI  Meeting  in  Boston 
where  they  reported  on  their  work,  W,  Kellner  gave  a 
report  on  "Electric  rock  characteristics  from  the  field  structure 
of  a  magnetic  dipole  immersed  in  a  conducting  medium"  and  R. 
Lukavev  on  "Measured  properties  of  small  self-resonant 
helical  antennas  for  application  in  a  dissipative  medium". 

At  the  (3STERR.  PHYSIKERTAGUNG  (Austrian  Symposium  on 
Physics)  in  Graz  at  the  end  of  September,  Dr,  N.  Nessler 
gave  a  report  on  "The  measurement  of  dielectric  constants  and 
conductivity  on  solid  rock  by  means  of  wave  propagation." 

At  the  beginning  of  October,  Dr. Nessler 
and  T.  E  1  s  t  e  r  took  down  an  inventory  record  of  all 
project  property  (instruments ,  components,  etc.). 

In  an  interview  by  the  Austrian  Radio  (0  l),  end  of 
October,  Dr.  Nessler  was  given  the  opportunity  to 
report  on  the  project  work  in  the  series  "The  research  work  of 
our  Universities", 

Dr.  N,  Nessler,  W.  Gradl,  W.  Kellner 
and  R.  Lukavec  visited  the  electronic  exhibition  in 
Munich,  beginning  of  November,  where  they  gathered  information 


-82- 


on  the  most  recent  achievements  in  electronics. 

In  Scientific  Report  Ny.  8,  R.  Lukav-ec  re¬ 
ported  on  the  most  recent  results  of  his  work  with  the  helical 
antenna,  under  the  title  of  "Measured  properties  of  small  self¬ 
resonant  helical  antennas  for  application  in  dissipative  media. " 

H.  Wobking  handed  in  his  thesis  on  "The  fre¬ 
quency  response  of  the  dielectric  constant  and  the  electric 
conductivity  of  rock  and  on  the  importance  of  the  electric  rock 
parameters  for  determining  rock  fabric  quantities".  We  congratulate 
him  to  his  successful  exams.  He  is  now  working  for  the 
Montanwerk  Brixlegg,  but  will  still  be  available  also  for 
project  work. 

T.  E  1  s  t  e  r  left  the  project  team  for  professional 
reasons  on  15  October  1968.  We  thank  him  for  his  assistance. 
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CONCLUSIONS, 
RECOMANDAT  IONS 


The  studies  on  helical  antennas  show  relations  "bet¬ 
ween  the  geometrical  dimensions  and  electric  properties. 

Various  methods  of  measuring  rock  parameters  and 
radiation  characteristics  of  frame  antennas  contribute  to  a 
better  understanding  of  the  propagation  mechanism  of  VLP  and 
LF  waves,  giving  clues  for  the  continuation  of  theoretical  cal¬ 
culations  . 

Artificial  orifications  yield  v.clear  conditions  of 
measurement  for  the  geoelectrical  studies  on  samples  and 
bore  holes  planned  for  the  near  future.  Measurements  over 
large  distances  are  informative  despite  the  considerable 
technical  difficulties,  offering  a  large  field  for  attenuation 
and  polarization  studies. 

Continuous  records  of  remote  VLP  transmitters  (GBR, 

NAA  etc.)  supplement  our  field  of  work  comprising  near  field 
measurement  and  global  radio  communication. 

In  continuation  of  this  program,  theoretical  and 
experimental  examinations  are  scheduled  on  small  helical  antennas 
and  frame  antennas;  far  field  measurements  are  also  to  be 
extended o 
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Impedance,  Current  distribution  and  radiation  characteristics  were 
measured  on  various  types  of  antennas  in  air  and  in  water  in 
continuation  of  examinations  on  small  self-resonant  helical  antennas. 

Two  methods  of  determining  the  conductivity  and  dielectric 
constant  of  a  dissipative  medium  with  graphical  evaluation  are  des¬ 
cribed  a?,  an  example  of  applying  measurements  of  frame  antenna 
directivity  patterns. 

Radio  communication  was  reached  between  the  mine  of  Schwaz 
and  the  mine  of  St.  Gertraudi  by  means  of  a  16 00  a*  frame  antenna  and 
a  new  low-noise  receiving  amplifier,  { 

Preliminary  examinations  were  made  for  geoelectric  ore 
examinations,  and  a  measuring  probe  was  built  for  drill  hole 
examinations,  (  j 
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Network  model 
Lossy  media 

Electrical  properties  of  fresh  water 
Propagation  of  electromagnetic  waves 
Hock  conductivity 
Dielectric  constant  of  rock 
Measurement  of  rock  parameters 
Measuring  accuracy  for  £  and  (T 
Gaussian  positions 
Noise  measurements 
Long  period  registration 
Registration  of  N4A  and  GBR 


